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1.1 Introduction 
Exotic plantation forestry has a productive area of about 75 000 ha in Northland (L. 
Cannon, personal communication). Forestry is thus an important land use of both 
economic and environmental significance in Northland as well as elsewhere in New 
Zealand. Therefore, it is of considerable importance that forestlands be managed 
sustainably by employing approaches such as site-specific management. The 
establishment of site-specific forest management practices requires information regarding 
the distribution of key soil properties (Turvey and Poutsma, 1980). Quantitative 
modelling to predict key soil properties of sustainable forestry from observable landscape 
features may be a cost-effective approach to mapping forestlands. We are investigating 
the efficacy of such an approach within Mahurangi Forest, Northland. 
In order to effectively investigate, describe, and interpret quantitative relationships 
between soil properties and observable landscape features it is necessary to have an 
understanding of the general nature of the soil-landscape. Therefore, as a pilot to the 
study, a detailed qualitative soil-landscape model was developed at a scale of 1:10 000. 
Soil-landscape models are conceptual, empirical, predictive models that relate soil classes 
or properties to observable landscape features. They are used to predict patterns of soil 
distribution across the landscape. 
The report begins-by summarising the nature of the environment in which the lands.cape 
and soils of Mahurangi Forest have evolved. Previous work relating to the soils of the 
forest is also reviewed and summarised. The soil-landscape model is then described, 
discussed, and evaluated. Finally, some conclusions are made. 
1.2 Study site location 
The study was conducted in the southern part (Redwoods and Watson's Blocks) of 
Mahurangi Forest, a Pinus radiata-dominated exotic plantation forest, owned and 
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managed by Carter Holt Harvey Forests L!d. Southern Mahurangi Forest is situated 
approximately 5 km south ofWarkworth, in Northland. 
1.3 Background - Environment of the study site 
Four environmental factors (climate, indigenous vegetation, parent material, and relief) 
operate over time to control the evolution of soils and the landscapes in which they occur. 
1.3.1 Climate 
The average annual rainfall in the vicinity of Mahurangi Forest over the period 1961 to 
1990 was 1 605 mm (Tomlinson and Sansom, 1994a). The nearest climate station for 
which reliable temperature data exists is at Leigh, some 20 km northwest of W arkworth, 
which had an average annual temperature _for the period 1961 to 1990 of 15.7° C 
(Tomlinson and Sansom, 1994b). 
1.3.2 Native vegetation and land use history 
Two small remnants of native forest currently exist in close proximity to the study site, 
one to the north of Moirs Hill and the other, to the south of the study site. The remnants 
have been mapped and described by Clarkson and Clarkson (1993) as Rimu-Taraire-
Tawa (broadleaf-podocarp) forest. Had it not been for human modification of the 
vegetation cover, it is most probable that the study site would be under Rimu-Taraire-
Tawa forest today. The Rimu-Taraire-Tawa forest class is characterised by a mixture of 
hardwoods, dominated by taw a (Beilschmiedia taw a) and taraire (Beilschmiedia tarairi), 
throughout which the larger rata (Metrosideros robusta) and rimu (Dacrydium 
cupressinum) trees are scattered. Commonly abundant subordinate species are rewarewa 
(Knightia excelsa) and kohehohe (Dysoxylum spectabile). Other species present include 
pukatea (Laurelia novae-zelandiae), puriri (Vitex lucens), tree ferns (Cyathea spp. and 
Dicksonia spp.), hinau (Elaeocarpus dentatus), and miro (Prumnopitys ferruginea). 
Large kauri (Agathis australis) trees are very rare and towai (Weinmannia silvicola) have 
a minimal presence (Clarkson and Clarkson, 1993). Puketea and kahikatea probably 
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occupied gully floor channels. The few kaur~ present most likely grew on ridge summits 
(Wardle, 1991). 
European settlers had cleared most of the native forest from the Mahurangi area by the 
end of the 19th century, replacing the forest with pasture. Dairy farming was conducted 
on the gently sloping land whereas the steeper land (like that on which Mahurangi Forest 
is located) was used for sheep and beef grazing (Feeney, 1984). In the early 1970's 
Mahurangi Forest was established which involved the replacement of pasture with Pinus 
radiata on some of the steeper farmland. 
1.3.3 Geology and parent materials 
1.3.3.1 Basement geology 
In the vicinity of the study site the basement rocks are of the W aipapa Terrane and occur 
at about 1000 m beneath the surface (Isaac et al., 1994). The rocks of the Waipapa 
Terrane were deposited during the Permian to Early Cretaceous at the edge of Gondwana 
(Bradshaw, 1989). 
1.3.3.2 Geology of the Cretaceous to earliest Miocene 
Rifting and subsidence occurred ·during the Late Cretaceous .to Oligocene as the New 
Zealand continental fragment was forced away from the rest of Gondwana (Sporli, 
1989b). Sediments were contemporaneously deposited to the west and northeast of the 
ancestral landmass of Northland (Isaac et al., 1994). The sediments deposited in the 
western basin form the autochthonous (in situ) sequences of the Middle Cretaceous to 
earliest Miocene found both off- and on-shore today. The sediments deposited in the 
northeast formed the rocks that would become the Northland Allochthon (Isaac et al., 
1994). An allochthon is a jumbled sequence of rocks transported before redeposition. 
The autochthonous rocks of this time do not occur beneath the study site and so will not 
be discussed further. However, gravity-slide deposits of the Northland Allochthon do 
occur within the strata underlying the study site. 
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1.3.3.3 The Northland Allochthon 
Subduction of the Pacific Plate beneath the Australian Plate to the northeast of Northland 
occurred between the latest Oligocene and Middle Miocene. In association with the 
subduction, obduction occurred and resulted in the emplacement of the Northland 
Allochthon during the latest Oligocene (Ballance and Sporli, 1979). The rocks of the 
Northland Allochthon range in age from Early Cretaceous to the earliest Miocene and are 
grouped into four complexes: (1) Tupou, (2), Mangakahia, (3) Motatau, and (4) Tangihua 
(Isaac et al., 1994). The Tupou Complex consists of sandstone, mudstone, and 
conglomerate of Early Cretaceous age (Brook and Hayward, 1989). Terrigenous clastic 
facies, deposited during the Late Cretaceous to Eocene, predominantly comprise the 
Mangakahia Complex. The Motatau Complex encompasses the Early Eocene to earliest 
Miocene carbonaceous rocks. Submarine basalts of Early Cretaceous to Paleocene age, 
together with intrusives of dolerite, basalt, and gabbro are assigned to the Tangihua 
Complex (Brook et al., 1988). The allochthonous strata, existing as a series of nappes, 
are commonly highly deformed relative to the autochthonous strata above and below 
them (Isaac et al., 1994). 
The Northland Allochthon is bounded to the north by a fault located in Johnson Trough, 
to the northwest of Cape Maria van Diemen. The western boundary extends some 80 km 
off shore from Cape Maria van Diemen but tapers towards the west coast of the peninsula 
with distance south, and emerges on-shore near the Kaipara Harbour. Its eastern margin 
-roughly parallels the eastern coastline ofthe peninsula but is often some distance inland. 
Coatesville marks the southern boundary of the Northland Allochthon. At the location of 
the study site (roughly 30 km to the north of the allochthon's southern extremity) the 
allochthon deposits relatively thin (1 000 m or less in thickness) (Isaac et al., 1994) and is 
represented by the Mangakahia and Motatau Complexes. In this southern part of 
Northland, little is known about the structure of the allochthon (Hayward et al., 1989). 
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1.3.3.4 Geology of the Early Miocene . 
The nature of the Early Miocene Geology of Northland was influenced by the subduction 
of the Pacific Plate beneath the Australian Plate. Throughout the Early Miocene, 
volcanism related to the subduction, was common (Isaac et al., 1994). 
Sedimentary rocks 
The sedimentary rocks of the Early Miocene have been subdivided into four major 
groups: (1) Parengarenga (northernmost Northland); (2) Otaua (Hokianga); (3) 
Waitemata (southern Northland and Auckland); and (4) Waitakere (Waitakere Ranges). 
Each of the groups is associated with a different part of the Northland Peninsula (Isaac et 
al., 1994). The study site is situated in the area occupied by the Waitemata Group 
sediments. 
Waitemata Group rocks represent the sediments deposited within the Waitemata Basin. 
The formation of the Waitemata Basin began in the Early Miocene, soon after the 
initiation of subduction (Hayward, 1993). Bounding the basin to the east and west were 
two calcalkaline volcanic belts (identified as the eastern and western volcanic . belts, 
respectively). Blocks of uplifted basement (Te Kuiti Group overlying Waipapa Terrane) 
border the basin to the north and the south (Ballance, 1974). The Waitemata Basin 
received sediment from the western volcanic centres, the Waipapa Terrane, and the 
recently-emplaced Northland Allochthon (Hayward and Smale;-1992). An unidentified 
source also contributed sediments to the southern part of the basin (Raza et al., 1999). 
Underlying the Waitemata Group is the Waipapa Terrane in the east (Sporli, 1978), the 
autochthonous Te Kuiti Group in the south, and the Northland Allochthon in central and 
northwestern areas (Ballance and Sporli, 1979). Forming the base of the Waitemata 
Group is the Kaw-au Subgroup that was deposited in a shallow marine environment 
during the early Otaian (Hayward and Brook, 1984). Most of the sediments comprising 
the Kawau Subgroup were derived from the Waipapa Terrane. However, some material 
may have originated from the initiation of volcanic activity (Raza et al., 1999). The 
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Kawau Subgroup includes bioclastic limestone, breccia and conglomerate, and calcareous 
sandstone (Isaac et al., 1994). A change in depositional environment from coastal and 
shallow marine to mid-bathyal depths occurred as a result of rapid subsidence in the early 
Otaian (Ricketts et al., 1989; Isaac et al., 1994). Due to the rapid subsidence, the basin 
was starved of sediment temporarily (Ricketts et al., 1989). After the subsidence, 
turbidity currents entered the basin from the northwest forming the thick bathyal flysch 
deposits of the Warkworth Subgroup. Contemporaneously, nappes of the Northland 
Allochthon moved into the basin from the north (Isaac et al., 1994). The Waitemata 
Group has been considerably deformed probably because it was partially deposited on the 
Northland Allochthon, which was still in motion. Intensive faulting and folding of the 
Waitemata Group is common. During the most recent episode of deformation, a change 
from northwest-southeast to northeast-southwest extension occurred (normal faults first 
trended northeast then northwest). The horst and graben topography of Northland 
resulted from this extensional faulting. Moreover, the pattern of faults is a product of the 
rifting that occurred during Cretaceous to Oligocene (Sporli, 1989a). Folding occurred 
about axes running northwest and northeast in the northeastern part of the Pakiri facies 
(Isaac et al., 1994). All deformation of the Waitemata Group occurred prior to the 
Pliocene (Sporli, 1989a). 
Isaac et al. (1994) described the five facies that constitute the Warkworth Subgroup: (1) 
East Coast Bays; (2) Pakiri; (3) Blockhouse Bay; (4) Cornwallis; and (5) Timber Bay 
facies. The spatial distribution of the facies and the relative position of thestudy site are 
illustrated by Figure 1. Figure 1 shows that the study site rests upon the Pakiri facies - a 
turbidite facies that is rich in volcanogenic material and is thickly bedded. The facies 
overlies the Kawau Subgroup conformably (Isaac et al., 1994). 
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Figure 1. Map . illustrating the distribution of the facies comprising the W arkworth Subgroup and the 
relative location of the study area (adapted from Isaac et al., 1994, 109). 
Comprising the Pakiri facies are--"10-30 m thick packets of graded, medium- to coarse-
grained, turbidite sandstone 1-4 m thick, with lesser intervals of laminated siltstone and 
fine-grained sandstone" (Isaac et al., 1994, 100). Near to the study site, the sediments of 
the Pakiri facies are predominantly of Early Miocene volcanic (andesitic, basaltic, and 
dacitic) origin. However, the Mangakahia, Motatau, and Tangihua Complexes of the 
Northland Allochthon also contributed a substantial amount of sediment. Thus, 
clinopyroxene is the dominant heavy mineral with magnetite, hornblende, and ilmenite 
being subordinate. Zircon, titanite, and epidote are also present (Hayward and Smale, 
1992). Underwater debris flows of volcaniclastic material, known as Parnell Grit, are 
interbedded throughout the Waitemata Group turbidite sediments including the Pakiri 
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facies (Ballance and Gregory, 1991; Isaac et al., 1994). Lenses of rocks, derived from 
the southward advancing nappes of the Northland Allochthon, are also contained within 
the Pakiri facies (Kear and Waterhouse, 1977; Hayward, 1987). The lenses, known as 
Onerahi Chaos-breccia, represent submarine gravity slide deposits and are made up of 
blocks of various Paleogene lithologies suspended in a matrix of soft Eocene mudstone 
(Hayward, 1987). Figure 2 illustrates the stratigraphy at the general location of the study 
site. 
Lens of the 
Allochthon 
Northland { 
Kawau Subgroup { 
Pakiri facies containing Parnell Grit 
beds (11). 
} Pakiri facies 
} W aipapa Terrane basem~ilt 
Figure 2. The stratigraphy in the area of the study site (adapted from Isaac et al., 1994, 103). 
The Parnell Grits were derived from the slof}es of the western volcanic centres protruding 
above sea level (Balance and Gregory, 1991). The Kaipara volcano is the source of the 
Parnell Grits contained within the upper Pakiri facies (Hayward and Smale, 1992). Beds 
of Parnell Grit typically contain clasts of andesitic and basaltic lava, fragments of 
crystals, flysch rip-up clasts, fossils of shallow-marine origin, and rounded igneous 
pebbles in a sand/silt matrix. However, both within- and between-bed variations in 
lithology are substantial (Ballance and Gregory, 1991). Beds can be up to 30 m thick 
(Isaac et al., 1994) and commonly their upper parts are composed of medium- to coarse-
grained sandstone (Ballance, 1974). Invariably the beds are coarser grained, contain 
more volcaniclastic material, and are thicker than the sandstones enveloping them 
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(Ballance, 1974). Another ubiquitous feature of the beds is the inverse-to-normal size 
grading. Grit intrusions into underlying flysch, rip-up clasts, overlying flysch, or from 
lower to upper parts of the bed, are also characteristic (Ballance and Gregory, 1991). The 
Parnell Grit has a similar suite of heavy minerals to that of the surrounding Pakiri facies; 
clinopyroxene is dominant and magnetite is subordinate (Hayward and Smale, 1992). 
The deposition of Parnell Grit beds occurred much more infrequently than the deposition 
of the turbidites. However, it is likely that they were of a very large volume (Ballance 
and Gregory, 1991). 
The sediments of the Waitemata Basin underwent shallow burial (total thickness of the 
Waitemata Group not exceeding 1 km) prior to the current surface being exposed and as a 
result, burial temperatures were not greater than 60°C (Raza et al., 1999). 
1.3.3.5 Geology of the Middle Miocene to Holocene 
After the active plate boundary departed to the south in the Middle Miocene, the 
Northland Peninsula became strongly eroded as the result of uplift and tilting to the west 
(Isaac et al., 1994). The region has been relatively tectonically inactive, however, since 
the beginning of the Pliocene (Evans, 1994). The area in which the study site is located 
may have been a terrestrial environment exposed to sub-aerial weathering and erosion 
processes for the last 16.5 Ma (since the Middle Miocene). 
1.3.3.6 Soil parent materials 
The majority of the soils within Mahurangi Forest are formed from clay-rich saprolite (in 
situ weathering products) derived from -strongly weathered volcanogenic turbidite 
sandstone of the Pakiri facies (Waitemata Group). The saprolite, which can extend to 
depths of 30m (Markham and Crippen, 1981), is mostly brownish in colour. However, 
the saprolite is also red-weathered in places. The red weathering is thought to be the 
result of weathering under a warm and humid climate of the past or weathering over a 
very long period of time, or both. Other soils have formed from strongly weathered 
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sandstone colluvium that has accumulated on footslopes, on landslide benches, and in 
gully floor channels. Very small areas of soil are formed form weathered sandstone 
alluvium deposited adjacent to major stream channels (Rijkse, 1996). 
1.3.4 Relief and geomorpho I ogy 
The study site is situated within the Mesozoic-Cenozoic highland physiographic unit 
according to the terrain classification of Schofield (1988). More specifically, the terrain 
has been described as stream-incised, gently to moderately rolling hill country (Kermode 
et al., 1992). 
Rijkse (1996) identified three broad geomorphic units within Mahurangi Forest: (1) hill 
country; (2) valley floors; and (3) alluvial river flats. The most common geomorphic unit 
within the forest is hill country. The degree of dissection of the hill country ranges from 
weak to strong. A result of the hilly nature of the landscape is that narrow valleys are 
common. The floors of the valleys have formed through the accumulation of colluvium 
(soil and regolith material eroded from adjacent hill slopes) and have flat to concave 
surfaces. Adjacent to some streams, alluvial deposits form flat flood-plain surfaces. 
Water tends to accumulate and persist in these low-lying parts of the landscape (Rijkse, 
1996). 
1.3.5 Soils--(previous work) 
The soils of Northland are relatively unusual because a combination of factors including a 
warm, moist climate; unique indigenous . forest associations; an absence of thick tephra 
deposits; a lack of glacial erosion; and a fairly subdued relief . . In general, the soils are 
clayey, strongly weathered, relatively strongly leached, and of low natural fertility with 
some exceptions such as the soils formed from recent alluvium or on steep eroding slopes 
(Gibbs et al., 1964). Previously, much emphasis has been placed on the influence of 
indigenous vegetation on soil formation, characteristics, and distribution in Northland (eg 
Gibbs et al., 1964). The idea that forest composition controlled the degree of soil 
leaching was considered to be of such importance that previous soil investigations in the 
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Warkworth area have arranged the soil continuum into a framework based primarily on 
differences in leaching (i.e. leaching sequences) (Sutherland et al., 1980). 
1.3.5.1 Previously identified and mapped soil series 
Ri jkse ( 1996) described and mapped the soils of Mahurangi Forest at a scale of 1 : 15 000. 
The soil pattern framework used by Rijkse (1996) was adapted from the previous 1:100 
000 soil survey conducted in the Warkworth area by Sutherland et al. (1980) and the soils 
of the forest were correlated with the previously defined soil series of the area. The 
major series are described below. 
Warkworth series 
Two soil types of the W arkworth series were recognised: W arkworth clay/sandy clay 
loam and W arkworth clay/sandy clay loam hill soils. The reference-site for the 
W arkworth clay is located on State Highway 1, opposite the intersection with McKinney 
Road, about 1 km south of W arkworth. The W arkworth hill soils reference-site is located 
about 4 km north of Huapai on W aikoukou Road (Sutherland et al., 1980). 
W arkworth soils were mainly formed from saprolite derived from the strongly weathered 
sandstones of the upper Waitemata Group sediments. It was thought that some 
Warkworth clay soils formed from the "strongly weathered red volcanic grits" 
(presumably Parnell , Grit) contained within the Waitemata Group (Sutherland et al., 
1980). However, the soils formed on the andesitic Parnell Grit material have properties 
more consistent with the concept of the Dome Valley series. The indigenous vegetation 
under which the Warkworth soils were thought to have formed consisted of Kauri-
podocarp forest with some patches of broadleaf trees ( cf. Whangaripo and Puhoi). The 
W arkworth clay occupies rolling to easy rolling land whereas the W arkworth hill soils 
occupy the strongly rolling to moderately steep short slopes (Sutherland et al., 1980). 
The W arkworth clay and the W arkworth hill soils both have yellowish-brown subsoils 
and a horizon with more than 2% mottles (redox segregations) occurring within 30 em of 
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the soil surface. Despite both soil types having a mottled horizon near to the surface, 
they were described as moderately well drained (Sutherland et al., 1980). According to 
the drainage classification in use today (Milne et al., 1995), these soils would, strictly 
speaking, be designated more correctly as imperfectly drained. 
The Warkworth soils were classified in the New Zealand Genetic Classification (Taylor 
and Pohlen, 1962) as strongly leached Yellow-brown Earths (Sutherland et al., 1980). 
The soils were reclassified according to the New Zealand Soil Classification (Hewitt, 
1993) as Typic Yellow Ultic Soils (Clayden et al., 199_7). However, the latter 
classification is technically incorrect because the soil is imperfectly drained rather than 
moderately well drained. According to the profile descriptions given in the unit-sheets, 
the Warkworth clays and Warkworth hill soils are Mottled Yellow Ultic Soils. It is 
considered that the W arkworth series should encapsulate those yellowish-brown clayey 
soils, developed on weathered sandstone, which have been strongly leached and are 
relatively well drained in comparison with other soils in the area. 
Whangaripo series 
The Whangaripo series is represented by four soil types, Whangaripo clay, Whangaripo · 
clay loam, Whangaripo clay hill soils, and Whangaripo clay loam hill soils. However, a 
unit-sheet exists only for the Whangaripo clay. The reference~site for the Whangaripo 
clay is located about 1 km along Goatley Road, off State Highway 1, 2.5 km northwest of 
Warkworth (Sutherland et al., 1980}:--
The Whangaripo clay has formed from saprolite derived from the strongly weathered 
sandstone (red-weathered and non-red-weathered) of the Waitemata Group, producing 
soils with yellowish-brown subsoils. Whangaripo clay soils were thought to have formed 
under broadleaf-podocarp forest with only some patches of kauri (cf. Warkworth and 
Puhoi series). The geomorphic positions occupied by this soil were described as rolling 
land and some strongly rolling short slopes (Sutherland et al., 1980). 
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The Whangaripo clay was described as having 10-12% redox segregations within 30 em 
of the soil surface with a moderately well drained drainage class (Sutherland et al., 1980). 
This is clearly erroneous because of the common occurrence of mottles near the surface. 
The cause of the incorrect drainage class designation may be that the profile selected for 
description was originally intended to be of the better-drained clay loam type (M. 
McLeod, personal communication). 
Whangaripo clay soils were classified as moderately to strongly leached Yellow-brown 
Earths (Sutherland et al., 1980) and have been reclassified as Mottled Yellow Ultic Soils 
(Clayden et al., 1997). Without a unit-sheet, the exact nature of the Whangaripo clay 
loam cannot be known except that the intention was for it to be moderately well drained. 
It is likely to have properties very similar to those of the concept of the W arkworth series, 
but presumably not so strongly leached. The concept of the Whangaripo series was 
intended to encompass the moderately to strongly leached yellowish-brown clayey soils 
developed on strongly weathered sandstones that · are moderately well drained 
(questionable) to imperfectly drained. 
Puhoi series 
Sutherland et al. (1980) subdivided the Puhoi series into four soil types: Puhoi clay loam, 
Puhoi light brown clay loam, Puhoi clay loam hill soils, and Puhoi light brown clay loam 
hill soils. The reference-site for the Puhoi clay loam is located on Waiwera Hill, about 
2.5 km north ofWaiwera on State Highway 1 (Sutherland et al., 1980). 
The Puhoi clay loam is formed from the strongly weathered (but apparently non-red-
weathered) sandstones of the Waitemata Group. The native vegetation under which the 
soil has evolved was described as broadleaf forest with some podocarp and the occasional 
kauri tree ( cf. W arkworth and Whangaripo series). The geomorphic position of the Puhoi 
clay loam is given as moderately steep short and long slopes and some rolling ridges 
(Sutherland et al., 1980). 
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The drainage is described as poor, which based on the unit-sheet, seems plausible. 
However, it is difficult to be sure because the range of matrix colours given in the unit-
sheet description spans the low chroma threshold. The Puhoi clay loam was classified as 
a weakly to moderately leached Yellow-brown Earth (Sutherland et al., 1980) and was 
reclassified as a Mottled Yellow Ultic Soil (Clayden et al., 1997). If, in fact, the soil is 
poorly drained then it cannot be a Mottled Yellow Ultic Soil, but may instead belong to 
the Gley Soils. The better drained Puhoi soils are likely to be similar to the more-
imperfectly drained Whangaripo clays. The weakly to moderately leached clayey soils 
formed on strongly weathered sandstones that are poorly (to imperfectly?) drained fit 
with the intended concept of the Puhoi series. 
Summary 
The above soil series are part of the so-called Puhoi suite (Sutherhind et al., 1980), 
meaning that they formed on similar parent materials (Waitemata Group sandstone) and 
are thus of a similar age. The climate under which all the series formed is also likely to 
be similar (fairly warm and moist). The above series were intended to represent a 
leaching sequence from the strongly leached W arkworth series to the weakly to 
moderately leached Puhoi series. It was thought that the leaching differences were 
caused by compositional differences in the native forest (the more kauri that were present 
the more leached the soils were). Given the overlap among series and the 
inconsistencies/inaccuracies in the unit-sheet descriptions, the appropriateness of 
partitioning the soil continuum (in this region) on the basis of leaching differences is 
uncertain. 
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1.4 A soil-landscape mode I for southern Mahurangi Forest 
1.4.1 Methodology 
The land systems approach, as described by Lynn and Basher (1994), has been adopted 
for the development of the soil-landscape model in this study. The land system is defined 
to be the area of validity of a soil-landscape model (Lynn and Basher, 1994). It generally 
corresponds to an area in which there is a recurring pattern of vegetation, relief, and soils 
under a relatively uniform climate (Christian and Stewart, 1953 in Lynn and Basher, 
1994). This approach involves the hierarchical stratification of the landscape on the basis 
of landform. It provides the framework in which soil-landscape models can be developed 
and applied (Lynn and Basher, 1994). 
1.4.1.1 Survey procedure and model development 
The relationships between observable landscape features and soil classes were 
investigated in an intensive training window within the study area. The location of the 
training window within the forest is illustrated by Figure 3. The training window was 
located to ensure that the majority of landforms occurring in the study area were 
represented. Field reconnaissance and contour map interpretation aided selection of the 
training window locations. The landforms contained within the training . window were 
identified and described via field investigation. A free soil survey (Dent and Young, 
1981 ), in which pedon and auger observations are located on a judgement basis, was 
conducted within-the window. 
Detailed soil pedon descriptions (Appendix 1) were conducted by digging pits or 
refreshing road cuts and erosion scarp faces. Fourteen pedons have been described 
within the training window. These detailed descriptions were supported by brief auger 
descriptions. The methods of soil pedon description follow those of Milne et al. (1995) 
and using the horizon nomenclature of Clay den and Hewitt ( 1994 ). 
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Training window 
Figure 3. Location of the training window within the forest. 
Samples for laboratory analysis were taken from each horizon in all pedons so that some 
of their chemical propertie-s could be characterised (Appendix 2). The properties 
measured included pH (in H20), electrical conductivity, organic carbon, and Bray-2 
exchangeable phosphorous, potassium, and magnesium. Particle size has also been 
determined for some horizons using the pipette method. 
The data obtained from the pedon descriptions and the laboratory analyses allowed for 
the pedons to be classified to the soilform level of the New Zealand Soil Classification 
System (NZSC) (Clayden and Webb, 1994; Hewitt, 1998) and to the subgroup level of 
Soil Taxonomy (Soil Survey Staff, 1999). The classes to be predicted by the model are 
the subgroups of the NZSC. 
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The development of the soil-landscape model (the formulation of a set of soil-landscape 
relationships) was conducted in two stages. Firstly, the landscape framework of the 
model was designed, which involved identifying and defining the observable landscape 
features found to be diagnostic, and the features were arranged in a hierarchical system in 
accordance with the land systems approach. The landscape framework facilitated both 
the formulation of the soil-landscape relationships and the application of the model. 
Secondly, the identified soil classes were related to the observable landscape features 
embodied by the landscape framework. Thus, soil-landscape relationships were 
formulated to generate the soil-landscape model. 
1.4.1.2 Model application and validation 
Two replicates of each landscape unit were identified, one within each of two separate 
validation windows, within the study area using contour map interpretation (with the . 
exception of the landslide feature mound unit for which only one replicate could be 
found). Prediction of the soil classes occurring was made using the soil-landscape model. 
Three auger observations were made within each replicate landscape unit to validate the 
predictions. 
1.4.2 The landscape framework 
The landscape framework consists of a three-tiered hierarchy of geomorphic features. At 
the broadest level is the land system (defined above). The land system is subdivided into 
land components at the second level. Land components consist of one or more land 
elements that constitute the third level in the hierarchy. The land components and 
elements have been identified and defined on the basis of their morphology (mainly 
related to the steepness of slopes), landscape position, and presumed genesis. In some 
landscapes it may be necessary to add a fourth level to the landscape framework which 
would involve subdividing land elements on the basis of non-geomorphic observable 
landscape features such as native vegetation changes, presence of surface boulders, or 
differences in land management practices. The further subdivision of land elements in 
Mahurangi Forest was not deemed necessary. However, all land elements will be 
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described as "landscape units" (whether no~-geomorphic observable landscape features 
have further subdivided them or not) because the term is used as the ultimate expression 
of the landscape framework constituents. 
For the purposes of this study, land components are defined to be distinct and widespread 
geomorphic units that contain a recurring assemblage of land elements. Land elements 
are areas between distinct breaks in slope steepness (Lynn and Basher, 1994) (e.g. 
backslopes distinguished from shoulder slopes) or are discrete geomorphic features that 
are genetically related to, and may be contained within, a land component (e.g. landslide 
mounds), or both. Landform dimensions (e.g. slope width or length) and/or slope shape 
(contour and/or profile shape) may also be used in the definition of land elements. In this 
study, the dimension of width was used in the definition of some land elements. 
The land system in which the southern part of Mahurangi Forest is located can be 
described as hill country. Four land components have been identified within the study 
area: (1) ridge summits (RS), (2) sideslopes (SS), (3) gully floors (GF), and (4) landslide 
features (LF). The sideslopes component is the most ubiquitous and widespread and 
occupies the vast majority of land in the study area. Ridge summits are also widespread 
and occupy significant areas of land. Although widespread, gully floors comprise only a 
very small proportion of the land area. Landslide features are relatively small in size and 
occur sporadically, although not infrequently, throughout the forest. Sideslopes and ridge 
summits are considered major components whereas- gully floors and landslide features are 
considered minor components. Terminology used in the following description of the land 
components and elements has been adapted from Milne et al. (1995). 
Ridge summits are areas of flat to strongly rolling land (0-15°) occurring at the top of 
elongated hills (main ridges) or spurs. They comprise five land elements: (1) narrow 
ridge summit slopes (RSs-n), (2) wide ridge summit slopes (RSs-w), (3), ridge summit 
benches (RSb) (4) ridge summit hillocks (RSh) and, (5) ridge summit saddles (RSd). 
Narrow ridge summit slopes include those parts of spur or main ridge summit areas that 
are undulating to steeply rolling (4-15°) and have a width of about 10m or less. Wide 
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ridge summit slopes include those parts of spur or main ridge summit areas that are 
undulating to steeply rolling (4-15°) and have a width of greater than about 10m. Ridge 
summit benches are the flat to gently undulating (0-3°) parts of a ridge summit. The 
benches commonly occur on spur ridges and are often in between two sloping ridge 
summits, one above and one below. Commonly, ridge summits rise into rounded (convex 
contour and profile shape) mounds described here as ridge summit hillocks. Ridge 
summit saddles occur where two hillocks, in close proximity to one another, form a 
concave 'depression' between them. 
Sideslopes are hill slopes that, for the purposes of this study, are defined to extend from 
the edge of a ridge summit to a valley floor. This component is subdivided into two land 
elements: (1) shoulder slopes (SSu) and (2) backslopes (SSk). Shoulder slopes are 
convex slopes that occur adjacent to ridge summits forming the upper part of the 
sideslope. Backslopes are those slopes occupying the area between the shoulder and the 
gully floor. Technically, footslopes (the usually concave lower part of a sideslope) occur 
between the backslopes and the gully floors. However, the footslopes contain essentially 
the same soils as the backslopes and so have been incorporated into the definition of the 
backslope land element. It is sometimes useful to further subdivide backslopes into 
different profile and/or contour shapes, or into upper, middle, and lower sections. In this 
landscape such subdivision would provide little additional information and so has not 
been used. 
Gully floors are here defined to be the relatively narrow elongated strips of land lying 
between the bases of two ridges. They may contain either ephemeral to small streams or 
more substantial permanent streams to small rivers. Two land elements of this 
component are recognised: (1) gully floor floodplains (GFp) and (2) gully floor channels 
(GFc). Gully floor floodplains occur where the larger streams flow, which is usually at 
the base of two main ridges. The floodplains (flat to concave strips of land adjacent to 
stream channels) have been formed by the accumulation of alluvial material deposited by 
the stream during times of flood. Although some of the largest 'gullies' may technically 
be classified as small valleys, the term 'gully' was applied to all for consistency. Gully 
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floor channels are found where ephemeral to small permanent streams flow, usually 
between the bases of two spur ridges, through narrow concave channels. The channels 
are usually sloping. Where small but permanent streams flow, very narrow flat areas 
adjacent to the stream channel may qualify as gully floor channels unless the footslope 
extends to the stream channel. The ephemeral and small permanent streams are 
tributaries to the larger streams and together they comprise the drainage network in the 
landscape. 
Landslide features are landforms that presumably formed through mass movement 
erosion processes. The component has been subdivided into two land elements: (1) 
landslide feature mounds (LFm) and (2) landslide feature benches (LFb ). The landslide 
feature mounds are small, rounded (convex contour and profile shape), discrete knolls, 
which tend to occur on sideslopes of gentle slope. Landslide feature benches are 
relatively flat, small benches that protrude from sideslopes from place to place. The 
slope above the bench tends to be fairly steep. Benches may be the products of slumping. 
The landscape units described above and their relative positions in the landscape are 
illustrated in Figure 4 using an idealised block diagram. 
20 
SSk 
\ 
\ 
- --,..,. , \ - """" 
Figure 4. An idealised block diagram illustrating the nature and position of the landscape units. 
1.4.3 The soils of Mahurang i Forest 
1.4.3.1 Soil characterisation 
Morphological characteristics 
Seven morphologically distinct soil profile types (forms) were recognised within the 
training window. The majority of profile types appeared to represent a drainage sequence 
from well drained to poorly drained soils. 
All profile types, except type Vll, have several morphological characteristics in common. 
For profile types I-VI, all B and most BC horizons are argillic horizons (designated Bt 
and BCt, respectively). Argillic horizons are clay-rich horizons that show evidence of the 
inward movement and deposition (illuviation) of clay. They are either at least 10 em 
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thick and contain clay coatings (thick enough to cover fine sand) on more than 10% of 
ped faces (or in one third of pores) or have at least 5% more clay than an overlying 
horizon and show evidence of clay illuviation (Hewitt, 1998). Almost all horizons are 
clayey, being either loamy clay, silty clay, or clay in texture. Commonly, profiles exhibit 
a 'clay-bulge' in which the texture initially becomes finer with depth, typically ranging 
from silty clay or loamy clay in the Ah horizon to clay in the Bt horizon(s), before 
becoming coarser (either silty clay or loamy clay) in the Cu horizon(s). As a 
consequence of the clayey textures, the majority of Ah, Bt, and BC horizons are 
moderately sticky and very plastic whereas most C horizons are slightly sticky and 
moderately plastic. Structural development of the soils is, at most, moderate with Ah and 
Bt horizons being weakly to moderately pedal. The underlying BC and C horizons are 
usually apedal massive. Most pedal horizons have fine to medium polyhedral-shaped 
peds. However, in some soils the peds are either blocky or blocky to polyhedral in shape. 
Profile type I (Plate 1) encompasses the well drained, deep-profiled soils. Underlying an 
Ah horizon of about 20 em thickness are two yellowish-brown Bt horizons which extend 
to about 70 em depth. The Bt horizons grade into a yellowish-brown BC horizon of 
about 20 em thickness which, in tum, grades into Cu horizons (unconsolidated sandstone 
saprolite) of light olive-brown and light yellowish-brown colour. Profile type I contains 
about 4 % gravel on average. 
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Plate 1. An example of a profile type I soil. 
Shallow, well drained soils are represented by profile type II (Plate 2). The soils of 
proftle type II have a 10 em-thick, dark-yellowish brown Ah horizon overlying a 
yellowish-brown Bt horizon that extends to a depth of about 25 em. Underlying the Bt 
horizon is a yellowish-brown Btv horizon that extends to around 50 em depth before 
grading into a yellowish-red Cu horizon (red-weathered sandstone). The Bt (or BC) 
horizons with the designation 'v' have reddish coloured mottles that are remnants of the 
red-weathered saprolite from which they have formed. 
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Plate 2. An example of a profile type II soil. Note that the red-weathered saprolite occurs at about 50 em 
depth. 
Profile type ill (Plate 3) is characterised by a 20 em-thick, dark yellowish-brown Ah 
horizon which overlies at least two, predominantly yellowish-brown, Bt(f) horizons 
which extend to a depth of about 70 em. Horizons carrying the designation '(f)' are 
known as redox-mottled horizons because they contain more than 2% redox segregations 
(present mainly in the form of orange coloured ferruginous mottles), formed as the result 
of alternating periods of saturation and drying. The lower Bt(t) horizon also carries the 
additional lower case suffix, 'v'. Below these horizons is a yellowish-brown BCt(t)v 
horizon which extends to around 90 em depth before grading into a red Cu horizon (red-
weathered sandstone). The occurrence of a redox-mottled horizon directly below the Ah 
horizon (and/or within 30 em of the soil surface) means that profile type III has a mottled 
profile form and so is imperfectly drained. 
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Plate 3. An example of a profile type III soil. The red-weathered saprolite occurs at a greater depth than in 
profile type II soils (about 90 em) and redox segregations are common in the B horizon. 
The soils represented by profile type IV (Plate 4) are characterised by a 7 em-thick Ah 
horizon overlying two predominantly light yellowish brown Bt(g) horizons that together, 
extend to a depth of around 60 em. The Bt(g) horizon contains more than 2% redox-
mottles in addition to some (less than 50% of the matrix) low chroma (greyish) colours. 
Underlying the B horizon is a brownish-yellow Cu(f) or Cu(g) horizon. The profile type 
IV soils are imperfectly drained (ie. exhibit a mottled profile form). However, they tend 
to be shallower and have slightly more impeded drainage (as indicated by the presence of 
low chroma colours in the redox-mottled horizons) than the soils of profile type ill. 
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Plate 4. An example of a profile type N soil. Redox segregations and low-chroma mottles occur in the B 
horizon. Note that the saprolite is not red-weathered. 
Profile type V (Plate 5) includes soils that are characterised by a pale olive Btg horizon 
that extends to a depth of 25 em and lies below a 10 em-thick, light olive-brown Ah 
horizon. An horizon in which 50-85% of the matrix is occupied by low chroma colours 
and in which there are more than 2% redox segregations is known as a reductimorphic 
(gleyed) horizon. Reductimorphic horizons, which have been influenced by strong 
reducing conditions as the result of prolonged periods of saturation, are given the suffix 
'g'. The Btg horizon rests upon a yellowish-brown Bt(g) horizon that grades into a 
BCt(g) horizon at about 45 em depth. The presence of a reductimorphic horizon within 
30 em of the soil surface indicates that these soils are poorly drained. Moreover, the fact 
that the gleyed horizon does not extend to the base of the B horizon suggests that the 
water is perching on an impermeable layer. 
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Plate 5. An example of a profile type V soil. Note the reductimorphic horizon occurring at 10-25 em 
depth. 
Poorly drained soils also comprise proftle type VI (Plate 6). In this type, the greyish-
olive Btg horizon begins at 25 em depth and extends to about 50 em (to the base of the 
solum). Above the Btg horizon is a 16 em-thick Ah horizon and a 9 em-thick yellowish-
brown Bt(g) horizon. Underlying the Btg horizon is an intensely gleyed Cr horizon. 
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Plate 6. An example of a profile type VI soil. Low chroma colours dominate the matrix from a depth of 25 
em. 
Profile type VII (Plate 7) represents the relatively young soils formed in alluvium. The 
proftle essentially consists of a series of brown, loamy Cu horizons of which some have 
the designation Cu(f) or Cu(g). However, a very thin greenish-grey Cg horizon occurs 
between 10 and 13.5 em and a buried dark yellowish-brown AC(g) horizon (qualifying as 
a distinct topsoil) occurs between 19 and 29 em. Thin bands of organic material occur in 
horizons of the upper part of the profile. 
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Plate 7. A profile type VII soil. The material overlying the dark-coloured band occurring at about 25 em 
depth may represent the alluvium deposited since the native forest was removed. Below the band is a 
buried AC horizon. 
Chemical characteristics 
Data on some soil chemical properties of the described pedons are provided in Appendix 
two. However, general statements can be made about some of the more important 
chemical characteristics of the proftle types (excluding types V and VI). Mean values for 
both topsoils (mainly Ah horizons) and subsoils are presented (Table 1). Data from the 
Bt horizons within each proftle type, except type VII, were pooled to represent subsoils. 
In the case of proftle type VII, data from the C horizons underlying the surface horizon in 
proftle type VII were pooled. The soil chemical property ratings used follow those of 
Blakemore et al. (1987) except for the Bray Psum rating, taken from Rijkse (1996). 
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Table 1. Mean values of selected soil chemical properties for each profile type. 
Topsoil Subsoil 
Pro,eerty 11 IT m IV vn I IT m IV vn 
pH 4.75 4.80 4.75 4.55 5.08 4.66 4.75 4.84 4.77 5.02 
Organic C (%) 4.52 5.44 3.89 4.96 0.53 2.31 2.10 1.64 2.69 0.43 
Bray Psum (ppm) 9.39 22.31 12.07 12.45 13.23 8.85 6.42 4.47 5.82 12.47 
Bray Mg (me.%) 2.32 1.84 1.31 1.82 4.20 1.10 0.70 0.87 0.92 3.85 
Bra;r K (me.%) 0.37 0.46 0.11 0.43 0.31 0.08 0.12 0.04 0.37 0.20 
1 Profile type number. 
All profile types were strongly acidic ( 4.5-5 .2) in topsoils as well as subsoils with values 
ranging from 4.55 in the topsoil of profile type IV to 5.08 in the surface horizon of profile 
type VII. Although all profile types are strongly acidic, the pH of type VII is slightly 
higher than the others. 
In topsoils, values of organic C are medium ( 4-10%) for profile types I, II, and IV; low 
(2-4%) for profile type III; and very low ( <2%) for profile type VII. Soil organic carbon 
ranges from 5.44 in the topsoil of profile type II to a minimum of 0.43 in the lower 
horizons of profile type VII. Organic C decreased down the profile (by about half for 
most types) with subsoils of profile types I, II, and IV having low values and profile types 
· ill and VII having very low values. In both topsoils and subsoils, profile type VII had a 
much lower proportion of organic C than the other types. Moreover, the reduction in 
organic C down the profile was substantially less than the reduction seen in other types. 
Examination of the organic C data for each horizon (see appendix two) of profile type VII 
(pedon 70_uggests that the organic C is irregularly distributecUhroughout profile type 
VII. 
Bray Psum values in topsoils are medium (20-30 ppm) for profile type II; low (10-20 ppm) 
for profile types III, IV, and VII; and very low ( <10 ppm) for profile type I. In subsoils, 
values of Bray P sum became very low for all profile types except type VII for which the 
level remained low. The differences between profile types do not seem to show any 
trends or patterns that could be attributed to a pedogenic cause. 
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All profile types have medium (1-3 me.%) values of Bray Mg in topsoils except type VII 
for which the value is high (3-7 me.%). Values remained medium and high in the 
subsoils of profile types I and VII, respectively. However, for all other profile types, 
values decreased to low (0.5-1 me.%). Profile type VII Bray Mg values in both topsoils 
and subsoils were at least two-fold higher than the other types. Also, the amount of 
decrease in Mg with depth down the profile was less for profile type VII than for the 
others. 
Topsoil values of Bray K are low (0.3-0.5 me.%) for all profile types except type ill 
which had a very low ( <0.3 me.%) value. Subsoil values are very low for all profile 
types except type IV for which the value remained low. 
In summary, most of the soils in southern Mahurangi Forest are acidic, low in P and K; 
have moderate levels of Mg; and have moderate to low levels of organic C in topsoils. In 
terms of pH, organic C, and Bray Mg, profile types I, II, ill, and IV are similar whereas 
type VII is different from all others. The distinct nature of the chemical characteristics of 
profile type VII is likely to be the result of this soil having been formed under a slightly 
different set of soil forming factors and, as a consequence, a different set of pedogenic 
processes. Profile type VII formed from reworked weathered sandstone progressively 
deposited as layers of alluvium rather than in situ weathered sandstone. Associated with 
the difference in parent material is the fact that these soils are younger and thus less well 
developed. These faGtors would account for the low levels of organic C and-its irregular 
distribution down the profile. 
1.4.3.2 Soil classification 
The soils within the study area were classified according to the NZSC system using a 
combination of the morphological and chemical soil characteristics described above. A 
breakdown of the identified soil classes by hierarchical level is given in Table 2. 
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The NZSC is a hierarchical classification system consisting of four levels. The soil order 
is the broadest level and is subdivided into various groups which are in tum subdivided 
into subgroups on the basis of more and more detailed soil property information. The 
fourth and most specific level of the hierarchy is the soilform. The soilform differentiates 
between pedons of the same subgroup on the basis of the type and nature of the parent 
material, soil texture, and permeability (Jones, 1998). 
Table 2. The soil classes of the NZSC identified within southern Mahurangi Forest 
Order Group Subgroup 
Ultic Yell ow Mottled (UYM) 
Gley 
Recent 
Perch-gley 
Orthic 
Fluvial 
Typic (UYT) 
Typic (UPT) 
Argillic (GOJ) 
Mottled-acidic (RFMA) 
Soilform 
Md;C/L;s 
Ms;CIL;mls 
Md;L/C;s 
Md;C;s 
Ms;C!L;s 
Md;C;s 
Ms;CIZ;s 
Md;C;s/m 
Md;L/C;m 
Md;L;m 
Three soil orders are represented within the study area, Ultic, Gley, and Recent soils. The 
Ultic Soils account for the vast majority of observations. 
The Ultic Soils are acidic and have clayey subsoils that show evidence of clay and/or 
organic matter translocation (illuviation) such as argillic (Bt) horizons. Profiles are 
usually slowly permeable (most are either imperfectly or poorly drained) and surface 
horizons are susceptible to compaction. Most Ultic Soils are developed from saprolite (a . 
clayey, in situ, weathering product) derived from strongly weathered acid igneous or 
siliceous sedimentary rocks. Strong weathering often results in low levels of reserve 
nutrients such as phosphorous, potassium and magnesium. Aluminium toxicity, resulting 
from the low pH, may restrict root growth (Hewitt, 1998). Two groups of the Ultic order 
are represented within the training window - Yell ow and Perch-gley Ultic Soils. The 
Yellow Ultic Soils are clayey, well to imperfectly drained, and do not have thick E 
horizons or densipans. The Yell ow Ultic group is the most common group in the study 
area. Two subgroups of the Yellow Ultic Soils have been identified, Mottled Yell ow 
Ultic (UYM) Soils and Typic Yellow Ultic (UYT) Soils. The UYM soils are 
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characterised by a mottled profile form and are thus imperfectly drained whereas the 
UYT soils are well to moderately well drained and have no aberrant properties. The 
Perch-gley Ultic Soils are poorly drained, having a gleyed horizon near to the soil 
surface, indicative of seasonal wetness, as the result of water perching on a slowly 
permeable horizon. Perch-gley Ultic Soils are represented by a single subgroup, Typic 
Perch-gley Ultic (UPT) Soils. The UPT soils have no aberrant properties (Hewitt, 1998). 
The profile types ill and IV (and those soils with morphological characteristics 
intermediate of profiles types m and IV) are encompassed within the UYM class whereas 
profile types I and IT are encompassed by the UYT subgroup. The UPT soils are 
represented by profile type V. 
Gley soils are poorly drained soils in which reductimorphic horizons (dominated by grey 
colours) extend to the base of the solum or to 90 em depth. The reduction of iron and 
manganese is the result of prolonged saturation with water, usually associated with a high 
water table. Large proportions of iron and/or manganese redox segregations may also 
occur. The poor drainage and consequent lack of aeration has led to limited rooting 
depths. Trafficability is also likely to be limited. Gley Soils are often formed in alluvium 
or colluvium that has accumulated in the lower parts of the landscape (Hewitt, 1998). In 
the training window, a single group, Orthic Gley Soils, represents the Gley Soil order. 
Orthic Gley Soils are Gley Soils that occur on stable geomorphic positions and do not 
receive regular additions of sediment. Profiles lack an oxidic horizon, are not sulphuric, 
acidic, or sandy. The only subgroup repreoonting the Gley order is the Argillic Orthic 
Gley (GOJ) subgroup, which are Orthic Gley Soils with an argillic horizon (Hewitt, 
1998). Profile type VI characterises the GOJ Soils. 
Recent Soils are weakly developed, usually but not exclusively, as the result of the 
relatively recent deposition and/or erosion. A distinct topsoil has developed but a 
weathered B horizon is thin (usually less than 10 em), if present at all. Recent Soils are 
often more weakly leached (base saturations are higher) than other soils (e.g. Ultic Soils) 
and, as a consequence, have higher nutrient levels. Profiles are well to imperfectly 
drained and rooting depths are usually deep (Hewitt, 1998). Soils of the Fluvial Recent 
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group were identified in the training window on geomorphic features associated with 
waterways (e.g. floodplains), and were formed from sediments that have been transported 
and deposited by the water. Fluvial Recent Soils are often characterised by buried A 
horizons (and hence an irregular distribution of carbon down the profile) and sedimentary 
stratification in C horizons. At the subgroup level, the Fluvial Recent Soils are further 
classified as Mottled-acidic Fluvial Recent (RFMA) Soils. The RFMA soils are 
characterised by a mottled profile form and a pH below 5.5 within 60 em of the soil 
surface (Hewitt, 1998). The RFMA soils are represented by profile type Vll. 
All described soils were classified to the soilform level of the NZSC (given in Table 2). 
·Five different soilforms of the UYM soils are recognised whereas the UYT soils are 
separated into two different soilforms. The UPT, GOJ, and RFMA soils are each 
represented by a single soilform only. There is very little difference among soilforms, 
both within and between subgroups. In this study, the soilform appears to provide little 
additional information to that already provided by the subgroups. The different soilforms 
do not seem to correspond well with morphologically distinct profile types nor to soil 
differences that may have implications for land management. Therefore, the soilform 
were not used in the soil-landscape model. The soil classes to be related to the landscape 
units are the subgroups of the NZSC. From this point forward the terms 'soil class' or 
'soil classes' will refer to the subgroups of the NZSC unless otherwise stated. 
1.4.4 Soil-landscape model characterisation 
The spatial distribution of the soil classes described above can, to a certain extent, be 
predicted from observable landscape . features because of the genetic relationships 
between these features and the soil. The soil-landscape model is a set of relationships 
between observable landscape features and soil classes, and is the product of the 
integration of the landscape framework (embodied by the landscape units) and the 
identified soil classes. The soil-landscape model is presented in Table 3. 
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1.4.4.1 Soil-landscape relationships 
Land elements, incorporating differences in slope steepness and landform width, are the 
observable landscape features that are most strongly related to the soil classes of 
Mahurangi Forest. Aspect, elevation, and slope shape (profile and contour) do not appear 
to be related. However, the nature of the saprolite seems to have an influence on the soil 
classes. Relationships between soil classes and parent materials can only be incorporated 
into a soil-landscape model (to predict soil classes) if the differences in the parent 
material correspond to differences in observable landscape features (e.g. landforms) or 
can be directly observed in some other way (e.g. remote sensing). Within the training 
window, some differences in the nature of the saprolite appear to correspond to particular 
land elements (e.g. ridge summit benches) whereas others do not. Thus, the influence of 
parent material on the soils can only be partially accounted for in this soil-landscape 
model. In essence, the model consists of the relationships between the . land elements 
(renamed landscape units) and soil classes. The following description of the soil-
landscape relationships is based on a set of soil observations representing a combination 
of auger and pedon descriptions. 
Most landscape units contain more than one soil class - up to three classes were 
observed within one unit. The soil class that occurred most frequently within a particular 
landscape unit was termed the 'dominant' soil class, the less frequently occurring classes 
were termed 'subdominant'. The dominant and subdominant soil classes identified 
within each ofthe landscape units are presented in Table 3. 
Table 3. A Soil-landscape model for southern Mahurangi Forest. 
Landscape unit 
Ridge summit slope ~ wide (RSs-w) 
Ridge summit slope - narrow (RSs-n) 
Ridge summit bench (RSb) 
Ridge summit saddle (RSd) 
Ridge summit hillock (RSh) 
Sideslope shoulder (SSu) 
Sideslope backslope (SSk) 
Gully floor floodplain (GFp) 
Gully floor channel (GFc) 
Landslide feature mound (LFm) 
Landslide feature bench (LFb) 
Dominant Soil Class 
UYM 
UYT 
UYT 
UYM 
UYM 
UYT 
UYM 
RFMA 
GOJ 
UYT 
UPT 
Subdominant Soil Class 
UYT 
UYM 
UYM 
UYT 
UYM 
UYT 
UPT,UYM 
UYM 
GOJ 
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The UYM and UYT soils dominate the elements of the major land components (ridge 
summits and sides lopes) and are the dominant soils within southern Mahurangi Forest. In 
particular, the UYM soils are ubiquitous, being dominant within four land elements (wide 
ridge summit slopes, ridge summit saddles, ridge summit hillocks, and. sideslope 
backslopes) and subdominant within five others (narrow ridge summit slopes, ridge 
summit benches, sideslope shoulders, gully floor channels, and landslide feature 
mounds). The UYT soils are the second most common class, dominating elements of 
relatively small size and extent (ridge summit benches, narrow ridge summit slopes, 
sideslope shoulders, and the landslide feature mounds). The UYT soils are also found to 
be subdominant within the wide ridge summit slopes, ridge summit hillocks, and 
sideslope backslopes. The UYM and UYT soils commonly occur in close association 
with each other, which is reflected in their joint occurrence within more than half of all 
land elements. 
The minor land components (gully floors . and landslide features) and their constituent 
land elements are dominated by soil classes other than the Yellow Ultic Soils of the major 
land components (with the exception of the landslide feature mounds and some gully 
floor channels). The GOJ soils are dominant in gully floor channels and are subordinate 
to the UPT soils on landslide feature benches. On gully floor flood plains, the RFMA 
soils occur. 
1.5 Discussion 
The majority of the soils in southern Mahurangi Forest have formed over a long period of 
time (possibly from about 16.5 Ma) from saprolite derived from volcanogenic sandstone 
under a warm, moist climate and a broadleaf-podocarp forest in a stream-incised hill 
country land system. As a result of long period of soil formation most soils are strongly 
weathered and highly evolved. The majority of soils are also moderately to strongly 
leached with low levels plant available nutrients (except Mg for which the levels are 
moderate) probably due to a combination of strong weathering (old age), leaching under 
scattered podocarp trees, and a fairly high rainfall. The low pH of topsoils and subsoils 
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can also be attributed to similar causes. Further evidence of the strongly weathered and 
highly evolved nature of the soils is found in the morphology of the soil profiles. All 
profile types (except type Vll) have subsoils dominated by clayey textures and argillic 
(Bt) horizons. The formation of argillic horizons generally requires a climate that allows 
for wetting and drying cycles to occur. Also, it is thought that several thousand years at 
least are required for the formation of argillic horizons because they tend to occur in the 
soils of relatively old landscapes. Furthermore, argillic horizons are more strongly 
developed in soils that have been formed under forests (Soil Survey Staff, 1999). 
Essentially, the only soil characteristic that differentiates the majority of soils in the forest 
is soil drainage. In effect, the soil continuum can be described as a drainage sequence 
ranging from the well drained UYT soils to the poorly drained UPT and GOJ soils. The 
imperfectly drained UYM soils occupy an intermediate position in the drainage spectrum. 
It is suggested that the differences in drainage are controlled by differences in both parent 
material and relief factors, as discussed below. 
Subtle variations occur in the nature of the saprolite. For instance, the saprolite is red-
weathered in places. Where the red-weathered saprolite occurs at or above 50 em depth, 
the soils tend to be well drained with yellowish-brown subsoils (profile type IT). Where 
the red weathering is deeper (between 50 and 90 em depth), the soils. are imperfectly 
drained (subsoils contain redox mottles) but retain the yellowish-brown matrix colours in 
the subsoil (profile type III). Soils in-which the red weathering occurs below 90 em or is 
absent are often imperfectly drained also (profile type IV). However, these last soils have 
slightly paler matrix colours and low chroma mottles in the subsoil indicating that the 
drainage is slightly more impeded than the other imperfectly drained soils. Red 
weathering is absent from the regolith of the poorly drained UPT (profile type V) and 
GOJ (profile type VI) soils. It is suggested that where the red-weathered saprolite is 
close (within 50 em) to the soil surface, the better drained the soil is. The cause of this is 
uncertain, but may be related to the distinct Fe-oxide clay mineralogy (as indicated by the 
red colouration) which has resulted in the formation of a more-freely draining internal 
structure within the saprolite. The red-weathered saprolite may also have a slightly 
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coarser texture than the non-red-weathered saprolite. However, not all well drained soils 
have red-weathered saprolite at shallow depths (e.g. profile type I). Profile type I soils 
are formed on relatively coarse textured saprolite, or on landforms from which water is 
rapidly drained, or both. The texture of the sandstone saprolite varies slightly from place 
to place, usually a silty clay or loamy clay, but in places the saprolite is a clay loam, 
sandy clay loam, or sandy loam. It seems that in general, the coarser the texture of the 
saprolite, the better drained the soil will be. 
The depth at which red-weathered saprolite occurs below the land surface is partially 
related to differences in relief (different landforms). There is a tendency for the red-
weathered saprolite to be at or above 50 em depth on the flat, ridge summit benches 
whereas on the ridge summit slopes ·and ridge summit hillocks it tends to be deeper 
(between 50 to 90 em deep). Throughout the remainder of the landscape, the red-
weathered material tends to be either deeper than 90 em, or absent. The corollary is that 
the variation in the pattern of soil classes caused by the occurrence of red-weathered 
material is partially predictable from observable differences in relief. Differences in the 
texture of the saprolite do not seem to be related to differences in relief and so are not 
predictable. 
In addition to the influence that parent material variation has upon soil drainage 
differences, landscape or geomorphic position also has an influence. Well drained soils 
have a tendency to occur on landforms from which water is readily shed (e.g. sideslope 
shoulders and narrow ridge summit slopes), which are elevated and have a convex profile 
shape, enabling water to drain easily. On the wider ridge summit slopes, the concave 
ridge summit saddles, and the sideslope backslopes, water drains more slowly and thus 
the soils become periodically saturated. Periodic saturation results in the reduction and 
oxidation of iron and/or manganese producing redox mottles and, consequently, mottled 
profile forms. In the lower parts of the landscape where the gully floor channels occur, or 
in mid-landscape positions where the flat to concave landslide feature benches are found, 
water tends to accumulate after draining from more elevated positions. In these 
geomorphic positions water residence time is the greatest, meaning that the soils remain 
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saturated long enough for reduction processes to be dominant, and therefore resulting in 
soils with gleyed profile forms (UPT and GOJ soils). 
The majority of soils in southern Mahurangi Forest are similar because the soil-forming 
factors are similar across the forest. The similarity in soil characteristics is reflected in 
most soils being classified as Ultic Soils or more specifically as Yellow Ultic Soils. 
Moreover, two of the three soil orders (Gley Soils and Ultic Soils) present are similar in 
many respects aside from soil drainage (although the poorly drained soils may have 
slightly higher pH and nutrient values). Only the RFMA soil class (profile type Vll) is 
distinct from all other classes in terms of most of its morphological and chemical 
characteristics. However, the RFMA soils do have some characteristics in common with 
those of the other classes (e.g. low pH and a mottled profile form). The reason for the 
difference is that the parent materials are of a different nature and younger age than those 
of the other soils are. The RFMA soils are formed from recent alluvium derived from the 
erosion of local soil and sandstone material. The occurrence of the alluvium and thus the 
RFMA soils is related to a particular geomorphic position (gully floor flood plains) and 
so is easily predictable. The RFMA soils occupy only small areas of land and so are not 
likely to be of major significance in terms of forest management. The dominance of the 
Yellow Ultic Soils and the minor presence of only two other orders (the Gley Soils and 
Recent Soils) mean that there is very little taxonomic diversity within the study area. 
In spite of the lack of taxonomic diversity, the soils in the-study area differ in terms of 
their drainage. The difference in drainage between the UYT soils (profile types I and m 
and the UYM soils of profile type ill is small and so is very unlikely to cause major 
differences in tree growth or susceptibility to compaction by harvesting machinery. The 
drainage difference between the well drained UYT soils and the poorly drained UPT and 
GOJ soils is greater and would probably require different management practices to be 
applied. However, because the poorly drained soils occupy relatively small, isolated 
areas it maybe impractical to manage them differently. The drainage of the UYM soils of 
profile type IV may be sufficiently impeded to result in these soils having a greater 
susceptibility to compaction than the UYT soils. The profile type IV soils are common 
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and occupy considerable areas (many sideslope backslopes) and so potentially could be 
managed differently from the UYT soils. 
1.6 Model evaluation 
The results of the validation showed that, at the group level of the soil classification, the 
soil-landscape model correctly predicted the dominant as well as the subdominant group 
in 71% of the 21 soil-landscape units investigated. At the subgroup level of 
classification, the predictive success of the model was not as great. The model correctly 
predicted the dominant subgroup as well as the subdominant subgroup in 38% of the soil-
landscape units investigated. However, the predictive success of the model, at the 
subgroup level, is slightly improved by considering the dominant subgroup alone. The 
model correctly predicted the dominant subgroup in 48% of the investigated soil-
landscape units. 
The above results suggest that the performance of the soil-landscape model in the 
prediction of soil subgroups was poor to moderate. The limited success may be attributed 
to the difficulty of predicting the variations in the nature of the saprolite (changes in 
texture and the depth to red weathering) and to the very subtle differences (based on 
abundance of redox segregations) between the two most common subgroups (UYM and 
UYT soils). However, the performance of the soil-landscape model at the group level of 
classification was better because the difficulty of differentiating between two very similar 
subgroups was removed. 
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1. 7 Conclusions 
Based on the results presented in this chapter, it can be concluded that, within southern 
Mahurangi Forest. 
1. The most common soils are the Yell ow Ultic Soils. The Yell ow Ultic Soils are 
clayey, acidic soils with weakly to moderately structured solums and low nutrient 
levels. Most are imperfectly drained (Mottled Yellow Ultic Soils) but some are well 
drained (Typic Yellow Ultic Soils). 
2. The success with which the soil-landscape model predicted the distribution of the 
defined soil classes was fairly limited. The weak correlation between the present 
relief and the nature of the parent material combined with the lack of taxonomic 
diversity may have contributed to the poor performance of the model. 
3. The distribution of soils can be described in terms of a drainage sequence that is 
controlled primarily by the interplay of geomorphic position and the nature of the 
parent material, which is strongly weathered. 
4. Although little taxonomic diversity of soils exists, some soils may require different 
management to others on the basis of soil drainage. 
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APPENDIX ONE 
The soil pedon description data collected in the study are presented below. For each 
description, the reference data are given first, followed by information describing the 
nature of the site, and finally the soil morphological data are given. 
The land management practices of grazing and fertilization have probably been applied to 
all sites in the past (whilst under pastoral farming). The vegetation structural class is 
forest and the land use class is production forestry for all pedons with the exception of 
pedon 6, which was located in unused grassland. 
Note that as part of the geomorphic description the shape of a slope is given in the format 
of profile/contour (e.g. linear/convex), and that all aspects and directions are given in 
degrees relative to grid north. 
PEDON l 
Reference Data: 
• Land element: RSs-w 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Md; C/L; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54950 23900 
• Word description: 340m southeast (150°) of the intersection of Wenzlick and Barker roads 
• Elevation: 260 m 
• Geomorphic position: Profile on a 11 o linear/convex slope with a 266° aspect contained within the 
summit area of a spur ridge in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata and bracken fern 
• Parent material: Red-weathered saprolite derived from strongly weathered volcanogenic sandstone of 
the Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-15 em 
Bt(f)1 
15-33 em 
Dark yellowish brown (10YR 3/4) loamy clay; moderately sticky; very plastic; peds 
slightly firm and brittle; moderately pedal; many fine to medium polyhedral peds and 
common extremely fine to very fine polyhedral peds; few microfine to extremely fine 
roots; non allophanic; indistinct smooth (occluded) boundary. 
Olive brown (2.5Y4/6) silty clay; 10% extremely fine prominent dark reddish brown 
(5YR 3/6) mottles; moderately sticky; very plastic; peds slightly firm and brittle; 
moderately pedal; few coarse polyhedral peds and common extremely fine to medium 
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Bt(f)2 
33-46 em 
Bt(f)v 
46-58 em 
BC(f)v 
58-81 em 
Cu 
81 em- on 
PEDON2 
Reference Data: 
polyhedral peds; few microfine to extremely fine roots and few very fine to fine roots; 
non allophanic; indistinct smooth boundary. 
Yellowish brown (10YR 5/5) silty clay; 6% extremely fine dark reddish brown (5YR 3/6) 
mottles; moderately sticky; very plastic; peds slightly firm and brittle; weakly pedal; 
common fine polyhedral peds; 20% faint patchy clay coats lining voids and on ped faces; 
few very fine to fine roots and few microfine to extremely fine roots; very weakly 
allophanic; indistinct smooth (occluded) boundary. 
Yellowish brown (10YR 517) silty clay; 5% very fine yellowish red (5YR 4/6) mottles 
and 15% very fine dark red (2.5YR 3/6) mottles (differential weathering); moderately 
sticky; very plastic; peds slightly firm and brittle; weakly pedal; common fine polyhedral 
peds; few very fine to fine roots; non allophanic; indistinct smooth boundary. 
Yellowish brown (10YR 5/8) silty clay; 25% very fine to fine yellowish red (5YR 4/8) 
mottles and 35% extremely fine to very fine strong brown (7.5YR 5/8) mottles 
(differential weathering); moderately sticky; very plastic; soil slightly firm and brittle; 
apedal massive; few extremely fine roots; non allophanic; sharp wavy (occluded) 
boundary. 
Red (2.5YR 4/6) clay loam; slightly sticky; moderately plastic; soil weak and friable; 
apedal massiv~; non allophanic. 
• Land element: RSs-w 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yell ow Ultic Soil; Ms; C/L; m/s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54325 23850 
• Word description: 40 m northwest (340°) of the end ofJlarker Road 
• Elevation: 243 m 
• Geomorphic position: Profile on a 10° linear/convex slope with a 66° aspect contained within the 
summit area of a spur ridge in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, bracken fern, grasses 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-19 em Dark yellowish brown (10YR 4/4) silty clay; moderately sticky; very plastic; peds friable 
and weak; very low penetration resistance (757.9 kPa); medium packing (1673.1 kPa); 
few very fine infilled channels; weakly pedal; common fine polyhedral peds; few medium 
roots and few extremely fine roots; non allophanic; indistinct smooth (occluded) 
boundary. 
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Bt(f)1 
19-42 em 
Bt(f)2 
42-52 em 
Cu1 
52-59 em 
Cu2 
59-83 em 
Cu3 
83 em- on 
PEDON3 
Reference Data: 
Dark yellowish brown (10YR 4/5)·loamy clay; 35% very fine light yellowish brown 
(2.5Y 6/4) mottles, 5% microfine to very fine prominent yellowish red (5YR 5/8) mottles, 
and 15% very fine prominent red (2.5YR 4/6) mottles; moderately sticky; very plastic; 
peds slightly firm and brittle; low penetration resistance (1144 kPa); medium packing 
(2159.3 kPa); 2% very fine infilled channels; moderately pedal; many fine polyhedral 
peds; 80% prominent clay coats lining voids and on ped faces; few extremely fine roots; 
non allophanic; distinct smooth boundary. 
Strong brown (7.5YR 5/8) loamy clay with 16% medium gravel; 10% fine prominent red 
(2.5YR 4/6) mottles; slightly sticky; very plastic; peds slightly firm and brittle; low 
penetration resistance (1001 kPa); high packing (2817.1 kPa); weakly pedal; common 
extremely fine and very fine polyhedral peds; 40% prominent clay coats lining pores and 
on ped faces; few microfine roots; non allophanic; distinct smooth boundary. 
Strong brown (7 .5YR 5/6) clay loam with 1% coarse gravel; slightly sticky; very plastic; 
soil weak and friable; low penetration resistance (1115.4 kPa); very high packing (3045.9 
kPa); apedal massive; non allophanic; distinct smooth boundary. 
Strong brown (7.5YR 5/6) clay loam with 2% fine gravel; slightly sticky; moderately 
plastic; soil weak and friable; low penetration resistance (1015.3 kPa); high packing 
(2902.9 kPa); apedal massive; non allophanic; abrupt smooth boundary. 
Strong brown (7 .5YR 517) clay loam with 8% medium to coarse gravel; slightly sticky; 
moderately plastic; soil friable and very weak; very low penetration resistance (815.1 
kPa); medium packing (1830.4 kPa); apedal massive; non allophanic. 
• Land element: LFm 
• Soil name: 
• Series: ?W arkworth 
• Soil classification: 
• NZSC: Typic Yellow Ultic Soil; Md; C; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54975 24130 
• Word description: 215m northeast (68°) of the intersection of Wenzlick and Barker roads 
• Elevation: 280 m 
• Geomorphic position: Profile on a 4 o convex/convex slope with 171° aspect contained within the 
summit of a landslide feature mound in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, fox-gloves, and bracken fern 
• Parent material: Red-weathered saprolite derived from strongly weathered volcanogenic sandstone of 
the Waitemata Group (Pakiri facies) 
• Drainage class: Well drained 
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Soil Data: 
A/Bt 
0-22 em 
Btv 
22-43 em 
Cu 
43 em- on 
PEDON4 
Reference Data: 
Brown (10YR 4/6) loamy clay; moderately sticky; very plastic; peds slightly firm and 
brittle; moderate penetration resistance (1859 kPa); very high packing (3546.4 kPa); 
common fine infilled channels; moderately pedal; many medium blocky to polyhedral 
peds and few fine blocky to polyhedral peds; 25% distinct clay coats lining voids; 
common microfine to extremely fine roots and common very fine roots; non allophanic; 
indistinct smooth boundary. 
Yellowish brown (lOYR 5/6) loamy clay; 1% microfine to very fine prominent red 
(2.5YR.4/6) mottles, 10% fine to medium yellowish red (SYR 4/6) mottles (differential 
weathering), and 50% very fine to fine distinct strong brown (7 .SYR 5/6) mottles 
(differential weathering); moderately sticky; very plastic; peds slightly firm and brittle; 
moderate penetration resistance (1758.9 kPa); extremely high packing (5434 kPa); 15% 
fine infilled channels; weakly pedal; few medium blocky to polyhedral peds and common 
fine blocky to polyhedral peds; 15% distinct clay coats lining voids and on ped faces; few 
microfine to extremely fine roots and few very fine roots; non allophanic; indistinct wavy 
(occluded) boundary. 
Yellowish red (5YR 4/8) loamy clay; slightly sticky; very plastic; soil weak and friable; 
low penetration resistance (1487.2 kPa); very high packing (3532.1 kPa); 2% very fine to 
fine dark reddish brown (5YR 312) spot manganese nodules; 2% fine to medium infilled 
channels; apedal massive; non allophanic. 
• Land element: SSk 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yell ow Ultic Soil; Md; L/C; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54300 23600 
• Word description: 210m southwest (189°) of the end of Barker Road 
• Elevation: 240 m 
• Geomorphic position: Profile on a 13° concave/concave slope with 76° aspect contained within the 
upper backslope of a sideslope in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, caprosma, lancewood, and bracken fern 
• Parent material: Red-weathered saprolite derived from strongly weathered volcanic rich sandstone of 
the Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-22 em Dark yellowish brown (lOYR 4/4) and yellowish brown (10YR 5/6) clay; moderately 
sticky; very plastic; peds slightly firm and brittle; high penetration resistance (2416.7 
kPa); extremely high packing (4576 kPa); 3% fine infilled channels; weakly pedal; 
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Bt(f)l 
22-40 em 
Bt(f)2 
40-80 em 
BCt(f)v 
80-100 em 
BCtv 
100-117 em 
PEDONS 
Reference Data: 
common fine polyhedral peds and few medium polyhedral peds; common fine roots and 
common microfme and extremely fine roots; non allophanic; indistinct smooth boundary. 
Yellowish brown (lOYR 5/5) and light olive brown (2.5Y 5/4) silty clay; 5% very fine 
prominent yellowish red (5YR 5/8) mottles and 15% very fine to fine prominent 
yellowish red (5YR 4/8) mottles; very sticky; very plastic; peds slightly firm and brittle; 
moderate penetration resistance (2159.3 kPa); extremely high packing (5720 kPa); 5% 
fine infilled channels; moderately pedal; common fine polyhedral peds and few medium 
polyhedral peds; 30% distinct clay coats lining voids and on ped faces; common very fine 
roots and few microfine to very fine roots; non allophanic; indistinct wavy boundary. 
Light olive brown (2.5Y 5/4) clay; 15% extremely fine to medium prominent yellowish 
red (5YR 5/8) mottles and 25% extremely fine to medium prominent yellowish red (5YR 
4/8) mottles; very sticky; very plastic; peds slightly firm and semi-deformable; low 
penetration resistance (1458.6 kPa); very high packing (3131.7 kPa); 2% very fine to fine 
infilled channels; weakly pedal; 20% fine polyhedral peds; 60% distinct clay coats lining 
voids and on ped faces; common microfine and extremely fine roots and few very fine 
roots; non allophanic; indistinct wavy boundary. 
Yellowish brown (lOYR 5/8) silty clay; 2% very fine prominent yellowish red (5YR 5/8) 
mottles and 50% fine to medium distinct reddish yellow (7.5YR 6/8) mottles (differential 
weathering); moderately sticky; very plastic; soil slightly firm and semi-deformable; low 
penetration resistance (1229.8 kPa); extremely high packing (4776.2 kPa); apedal 
massive; 70% distinct clay coats; few extremely fine roots; non allophanic; indistinct 
wavy boundary. 
Yellow (2.5Y 7/6) silty clay with 1% medium gravel; 80% coarse to very coarse 
prominent red (2.5YR 5/6) mottles (differential weathering); moderately sticky; very 
plastic; soil weak and semideformable; very low penetration resistance (843.7 k.Pa); 
extremely high packing (4347.2 kPa); apedal massive; 25% faint clay coats; non 
allophanic. 
• Land element: SSu 
• Soil name: 
• Series: ?Warkworth 
• Soil classification: 
• NZSC: Typic Yellow Ultic Soil; Ms; C/Z; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54300 24150 
• Word description: 235 m northeast (17 .5°) of the end of Barker Road 
• Elevation: 290 m 
• Geomorphic position: Profile on a 25° convex/concave slope with 51° aspect contained within the 
shoulder of a sideslope in hill country 
• Erosion/Deposition: soil creep and rotational slump erosion 
• Vegetation: Mature Pinus radiata, grasses, caprosma, and bracken fern 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
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• Drainage class: Well drained 
Soil Data: 
Ah 
0-22 em 
Btl 
22-39 em 
Bt2 
39-66 em 
BC 
66-88 em 
Cul 
88-98 em 
Cu2 
98-120 em 
PEDON6 
Reference Data: 
Dark brown (lOYR 3/3) and yellowish brown (lOYR 5/6) silty clay; moderately sticky; 
very plastic; peds weak and friable; moderate penetration resistance (1873.3 kPa); 
extremely high packing (4032.6 kPa); moderately pedal; many fine polyhedral peds; few 
medium roots and few microfine and extremely fine roots and few fine roots; non 
allophanic; distinct smooth boundary. 
Yellowish brown (lOYR 5/5) silty clay; moderately sticky; very plastic; peds friable and 
weak; moderate penetration resistance (1773.2 kPa); high packing (2445.3 kPa); 20% fine 
unfilled and infilled channels; weakly pedal; common fine polyhedral peds; 40% distinct 
clay coats lining voids and on ped faces; common medium roots and few microfine to 
very fine roots; non allophanic; diffuse smooth boundary. 
Yellowish brown (10YR 5/6) silty clay with 5% medium and very coarse gravel; 
moderately sticky; very plastic; peds slightly firm and brittle; low penetration resistance 
(1215.5 kPa); very high packing (3188.9 kPa); 12% fine channels; weakly pedal; common 
fine polyhedral peds; 15% distinct clay coats lining voids and on ped faces; few microfine 
and extremely fine roots, few very fine roots, and few medium roots; non allophanic; 
indistinct smooth boundary. 
Yellowish brown (lOYR 5/8) loamy silt with 15% coarse gravel; slightly sticky; very 
plastic; soil weak and friable; low penetration resistance (1086.8 kPa); high packing 
(2316.6 kPa); apedal massive; few medium roots and few very fine roots and common 
microfine to extremely fine roots; moderately allophanic; distinct smooth and 
discontinuous boundary. 
Light olive brown (2.5Y 5/4) loamy silt; slightly sticky; very plastic; soil weak and semi-
deformable; very low penetration resistance (700.7 kPa); medium packing (2130.7 kPa); 
apedal massive; few extremely fine roots; moderately allophanic; distinct smooth and 
discontinuous boundary. 
Light yellowish brown (2.5Y 6/4) loamy sand; slightly sticky; moderately plastic; soil 
very weak and friable; very low penetration resistance (672.1 kPa); medium packing 
(1901.9 kPa); apedal massive; few extremely fine roots; moderately allophanic. 
• Land element: SSk 
• Soil name: 
• Series: ?Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Md; C; s 
• Soil Taxonomy: Aerie Endoaquults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54200 230900 
• Word description: 140m northwest (305°) of the end of Barker Road 
• Elevation: 260 m 
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• Geomorphic position: Profile on a 7° linear/concave slope with 111 o aspect contained within the middle 
backslope of a sideslope in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Grasses, buttercup, dandelion, gorse, and ragwort 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-12 em 
Bt(f)i 
12-27 em 
Bt(f)v 
27-45 em 
BCtv 
45-68 em 
Cuv 
68-cm 
PEDON7 
Reference Data: 
Dark brown (lOYR 3/3) ?silt loam; moderately sticky; very plastic; peds weak and 
friable; moderate penetration resistance (2173.6 kPa); high packing (2559.7 kPa); apedal 
earthy; 50% very fine polyhedral peds and 10% medium polyhedral peds; 2% microfine 
to medium yellowish red (5YR 4/8 to 5/8) iron nodules; many microfine and extremely 
fine roots; non allophanic; distinct smooth (occluded) boundary. 
Olive brown (2.5Y 4/6 and 4/4) loamy clay; 3% extremely fine prominent yellowish red 
(5YR 5/8) mottles; moderately sticky; very plastic; peds slightly firm and brittle; 
moderate penetration resistance (2087.8 kPa); very high packing (3045.9 kPa); 15% 
microfine to extremely fine vesicular channels; weakly pedal; 20% fine polyhedral peds; 
60% faint olive brown (2.5Y 4/3) clay coats lining voids and on ped faces; 20% very fine 
black (10YR 1.711) manganese nodules; common microfine roots; non allophanic; distinct 
smooth boundary. 
Olive brown (2.5Y 4.5/6) silty clay; 5% extremely fine prominent yellowish red (5YR 
5/8) mottles and 15% very fine prominent reddish yellow (7.5YR 6/8) mottles 
(differential weathering); very sticky; very plastic; peds slightly firm and semi-
deformable; very low penetration resistance (924.6 kPa); very high packing (3517.8 kPa); 
1% microfine and extremely fine vesicular channels; weakly pedal; 15% fine polyhedral 
peds; 80% distinct clay coats lining voids and on ped faces; few microfine roots; non 
allophanic; indistinct smooth boundary. 
Light yellowish brown (10YR 6/5) clay; 10% fine prominent light grey (2.5GY 8/1) 
mottles (differential weathering) and 50% medium distinct reddish yellow (7.5YR 6/8) 
mottles (differential weathering) and 5% very fine prominent yellowish red (5YR 5/8) 
mottles; moderately sticky; very plastic; peds weak and semi-deformable; very low 
penetration resistance (817.4 kPa); very high packing (3274.7 kPa); 3% microfine and 
extremely fine vesicular channels; apedal earthy;S5% prominent clay coats lining voids 
and on ped faces; very few extremely fine roots; non allophanic. 
Brownish yellow (10YR 6/6) silty clay; 20% medium prominent red (2.5YR 5/8) mottles 
(differential weathering) and 15% fine prominent light grey (2.5GY 8/1) mottles 
(differential weathering). 
• Land element: GFp 
• Soil name: 
• Series: Whakapara 
• Soil classification: 
• NZSC: Mottled-acidic Fluvial Recent Soil; Md; L; m 
• Soil Taxonomy: Aerie Fluvaquents 
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Site Data: 
• Location: 
• Map reference: NZMS 260 R09 55125 22775 
• Word description: 610 m northwest (320°) of the intersection of Puhoi and Gully roads 
(following Gully road and Hungry Creek). Profile situated adjacent to Hungry Creek. 
• Elevation: 35 m 
• Geomorphic position: Profile on a 1 o linear/linear floodplain with oo aspect contained within a gully 
floor in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, mosses, caprosma, and bracken fern 
• Parent material: Alluvium derived from strongly weathered volcanogenic sandstone of the Waitemata 
Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Cu(g) 
0-10 em 
Cg 
10-14 em 
Cu(t) 
14-19 em 
bAC(g) 
19-29 em 
Cul 
29-39 em 
Cu2 
39-47 em 
Cu3 
47-53 em 
Cu(g) 
55-80 em 
Brown (10YR 4/6) sandy clay loam; 2% yellowish red (5YR 5/8) mottles and 5% 
greenish grey (7.5GY 5/1) mottles; slightly sticky; very plastic; peds weak and semi-
deformable; apedal single; common extremely fine roots and few microfine roots; non 
allophanic; abrupt smooth boundary. 
Greenish grey (7.5GY 511) loamy silt; 35% yellowish red (5YR 5/8) mottles; slightly 
sticky; moderately plastic; peds weak and semi-deformable; apedal single; few microfine 
roots and few extremely fine roots; non allophanic; sharp smooth boundary. 
Dark yellowish brown (lOYR 4/4) sandy clay loam; 15% yellowish red (5YR 4/8) mottles 
and 20% yellowish brown (2.5Y 5/3) mottles; slightly sticky; very plastic; peds weak and 
semi-deformable; apedal single; few microfine roots and few extremely fine roots; non 
allophanic; sharp smooth boundary. 
Dark yellowish brown (10YR 3/4) clay loam; 5% yellowish red (5YR 5/8) mottles and 
8% olive grey (2.5GY 5/1) mottles; slightly sticky; moderately plastic; peds weak and 
semi-deformable; apedal single; few microfine roots and few extremely fine roots; non 
allophanic; distinct smooth boundary. 
Brown (lOYR 4/6) sandy loam; non sticky; moderately plastic; peds weak and friable; 
apedal single; few microfine roots and few extremely fine roots; non allophanic; distinct 
_ smooth boundary. 
Brown (lOYR 4/6) sandy loam; 3% light olive grey (2.5GY 711) mottles; slightly sticky; 
moderately plastic; peds weak and friable; apedal single; few microfine roots and few fine 
roots; non allophanic; distinct smooth boundary. 
Brown (10YR 4/6) sandy loam; slightly sticky; moderately plastic; peds weak and friable; 
apedal single; non allophanic; indistinct smooth boundary. 
Yellowish brown (10YR 5/6) sandy clay loam; 15% yellowish red (5YR 5/8) mottles and 
20% pale olive (5Y 6/3) mottles; slightly sticky; slightly plastic; peds weak and friable;. 
apedal single; non allophanic. 
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PEDON8 
Reference Data: 
• Land element: RSb 
• Soil name: 
• Series: ?W arkworth 
• Soil classification: 
• NZSC: Typic Yellow illtic Soil; Md; C; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54350 24050 
• Word description: 190 m northeast (25°) of the end of Barker Road 
• Elevation: 270 m 
• Geomorphic position: Profile on a 3 ° convex/convex bench with 141° aspect contained . within the 
summit of a spur ridge in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, and bracken fern 
• Parent material: Red-weathered saprolite derived from strongly weathered volcanogenic sandstone of 
the Waitemata Group (Pakiri facies) 
• Drainage class: Well drained 
Soil Data: 
Ah 
0-10 em 
Bt 
10-29 em 
Btv 
29-48 em 
Cu 
48 em - on 
Dry; dark yellowish brown (10YR 3/4) loamy clay; moderately sticky; very plastic; peds · 
slightly firm and brittle; high penetration resistance (2645.5 kPa); very high packing 
(3532.1 kPa); moderately pedal; 60% fine blocky to polyhedral peds; common very fine 
roots, few fine to medium roots, and common microfine to extremely fme roots; non 
allophanic; distinct smooth boundary. 
Slightly moist; yellowish brown (10YR 5/6) clay; moderately sticky; very plastic; peds 
slightly firm and brittle; high penetration resistance (2416.7 kPa); very high packing 
(3732.3 kPa); 3% fine infilled channels; moderately pedal; 30% medium and 35% fine 
blocky to polyhedral peds; 40% distinct clay coats lining voids and on ped surfaces; few 
fine and very fine roots; non allophanic; indistinct smooth boundary. 
Slightly moist; yellowish brown (10YR 5/8) loamy clay; 10% very fine prominent 
yellowish red (SYR 5/8) mottles (differential weathering); moderately sticky; very plastic; 
peds slightly firm and brittle; moderate penetration resistance (2059.2 kPa); extremely 
high packing (5720 kPa); weakly pedal; 15% fine blocky to polyhedral peds; 50% distinct 
clay coats lining voids and on ped surfaces; few extremely fine and fine roots; non 
allophanic; diffuse smooth boundary. 
Slightly moist; yellowish red (SYR 4/8) loamy clay; slightly sticky; very plastic; soil 
weak and friable; low penetration resistance (1444.3 kPa); extremely high packing 
(4161.3 kPa); apedal massive; few fine roots; non allophanic. 
54 
PEDON9 
Reference Data: 
• Land element: RSs-w 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Md; C/L; s 
• Soil Taxonomy: Aerie Endoaquults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54325 24075 
• Word description: 210 m northeast ( 17°) of the end of Barker Road 
• Elevation: 280 m 
• Geomorphic position: Profile on a 7° convex/convex slope with a 121° aspect contained within a 
summit of a spur ridge in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, thistles, fox-gloves, and bracken fern 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-5 em 
Bt(t) 
5-22 em 
Bt(g) 
22-47 em 
Cu(g) 
47..:63 em 
Dark yellowish brown (10YR 4/4) silty clay; 8% extremely fine prominent yellowish red 
(5YR 5/8) mottles; moderately sticky; very plastic; peds slightly frrm and brittle; 
moderate penetration resistance (1544.4 kPa); high packing (2259.4 kPa); moderately 
pedal; 60% fine to medium polyhedral peds; few extremely fine roots and few very fine 
roots; non allophanic; indistinct smooth boundary. 
Light olive brown (2.5Y 5/4) and light yellowish brown (2.5Y 6/4) silty clay; 20% very 
fine prominent red (2.5YR 4/6) mottles and 7% very fine prominent yellowish red (5YR 
5/8) mottles; moderately sticky; very plastic; peds slightly firm and semi-deformable; 
moderate penetration resistance (1544.4 kPa); extremely high packing (4018.3 kPa); 6% 
infilled channels; weakly pedal; 17% fine polyhedral peds; 40% distinct clay coats lining 
voids and on ped faces; few microfine roots and few extremely fine roots; non allophanic; 
indistinct wavy boundar-y.- . 
Light yellowish brown (10YR 6/4) and brownish yellow (lOYR 6/6) clay; 15% very fine 
prominent red (2.5YR 4/6) mottles and 25% very fine prominent yellowish red (5YR 5/8) 
mottles and 5% very fine prominent light grey (2.5GY 8/1) mottles; moderately sticky; 
very plastic; peds slightly frrm and semi-deformable; low penetration resistance (1272.7 
kPa); extremely high packing (4747.6 kPa); 2% infilled channels; weakly pedal; 15% fine 
polyhedral peds; 60% distinct clay coats lining voids and on ped faces; few microfine 
roots; non allophanic; indistinct smooth boundary. 
Brownish yellow (10YR 6/6) loamy clay; 25% very fine to medium prominent light grey 
(2.5GY 8/1) mottles and 12% very fine prominent strong brown (7.5YR 5/8) mottles; 
moderately sticky; very plastic; soil weak and semi-deformable; very low penetration 
resistance (557.7 kPa); very high packing (3188.9 kPa); apedal massive; 8% infilled 
channels; non allophanic; distinct smooth boundary. 
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Cu 
63- em 
PEDON 10 
Reference Data: 
Brownish yellow (10YR 6/8) silty clay; slightly sticky; very plastic; soil weak and semi-
deformable; very low penetration resistance (657.8 kPa); very high packing (3088.8 kPa); 
apedal massive; non allophanic. 
• Land element: RSs-w 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Md; C; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54425 23975 
• Word description: 175 m northeast (35°) of the end of Barker Road 
• Elevation: 250 m 
• Geomorphic position: Profile on a 12° linear/convex slope with 171 o aspect contained within the 
summit of a spur ridge in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, grasses, and bracken fern 
• Parent material: Red-weathered saprolite derived from strongly weathered volcanogenic sandstone of 
the Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-16 em 
Bt(t) 
16-35 em 
Bt(t)v 
35-68 em 
Dark yellowish brown (10YR 4/4) silty clay; moderately sticky; very plastic; peds slightly 
firm and brittle; high penetration resistance (2416.7 kPa); high packing (2874.3kPa); 4% 
fine infilled channels; moderately pedal; 50% fine polyhedral peds and 10% medium 
polyhedral peds; common microfine roots and few extremely fine roots; non allophanic; 
indistinct smooth boundary. 
Yellowish brown (10YR 5/4) silty clay; 5% very fine prominent yellowish red (5YR 5/8) 
mottles and 10% very fine prominent reddish yellow (5YR 6/8) mottles; moderately 
sticky; very plastic; peds firm and brittle; high penetration resistance (2531.1 kPa); 
extremely high packing (4604.6 kPa); moderately pedal; 60% fine polyhedral peds and 
8% medium polyhedral peds; 20% faint clay lining voids and on ped faces; common 
microfine roots and few extremely fine roots; non allophanic; indistinct smooth boundary. 
Yellowish brown (lOYR 5/6) silty clay; 20% very fine yellowish red (5YR 5/8) mottles, 
5% extremely fine prominent light greenish grey (7.5GY 8/1) mottles (differential 
weathering), and 10% very fine reddish yellow (5YR 6/8) mottles; moderately sticky; 
very plastic; peds slightly firm and semi-deformable; low penetration resistance (1229.8 
kPa); extremely high packing (4547.4 kPa); weakly pedal; 15% fine polyhedral peds; 
25% faint clay coats lining voids ~don ped faces; common very fine roots and common 
microfine roots; non allophanic; indistinct smooth boundary. 
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BCt(f)v 
68-98 em 
Cu 
98- em 
PEDON 11 
Reference Data: 
Brownish yellow (10YR 6/6) silty clay; 10% extremely fine prominent red (2.5YR 4/8) 
mottles (differential weathering), 40% fine to medium prominent light red (2.5YR 6/6) 
mottles (differential weathering), 5% extremely fine prominent light greenish grey 
(7.5GY 8/1) mottles (differential weathering), and 8% extremely fine to very fine 
prominent yellowish red (5YR 5/8) mottles; slightly sticky; very plastic; soil weak and 
semi-deformable; very low penetration resistance (757.9 kPa); very high packing (3403.4 
kPa); apedal massive; 40% distinct clay coats lining voids and on ped faces; non 
allophanic; indistinct smooth boundary. 
Red (2.5YR 517) silty clay; moderately sticky; very plastic; soil weak and semi-
deformable; apedal massive; non allophanic. 
• Land element: SSk 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Ms; C/L; s 
• Soil Taxonomy: Typic Hapludults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 55325 23900 
• Word description: 80 m northwest (342 °) of the intersection of Wenzlick and unnamed track 
• Elevation: 220 m 
• Geomorphic position: Profile on a 37° concave/convex slope with 26° aspect contained within the upper 
backslope of a sides! ope in hill country 
• Erosion/Deposition: Soil creep and translational slide erosion 
• Vegetation: Mature Pinus radiata, grasses, hook-grass, gorse, and bracken fern 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-7 em 
AlB 
7-16 em 
Bt(g)1 
16-49 em 
Dark olive brown (2.5Y 3/3) silty clay; moderately sticky; very plastic; peds firm · and 
brittle; high penetration resistance (2330.9 kPa); high packing (2273.7 kPa); weakly 
pedal; 15% fine polyhedral peds and 8% medium polyhedral peds; common very fine 
roots and few microfine and extremely fine roots; non allophanic; abrupt smooth 
(occluded) boundary. 
Yellowish brown (10YR 5/4) and dark yellowish brown (10YR 4/3) loamy clay; 
moderately sticky; very plastic; peds firm and brittle; high penetration resistance (2702.7 
kPa); extremely high packing (5720 kPa); 2% fine to me'dium infilled channels; weakly 
pedal; 10% fine polyhedral peds and 10% medium polyhedral peds; 1% distinct clay coats 
lining voids and on ped faces; few very fine roots and few micro fine and extremely fine 
roots and few fine roots; non allophanic; distinct smooth (occluded) boundary. 
Yellowish brown (10YR 5/4) silty clay; 5% very fine prominent to distinct yellowish red 
(5YR 5/8) mottles and 20% fine dull yellow (2.5Y 6/3) mottles and 10% fine prominent 
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Bt(g)2 
49-67 em 
BCt 
67-100+ em 
PEDON 12 
Reference Data: 
strong brown (7 .5YR 5/6) mottles; very sticky; very plastic; peds firm and brittle; 
extremely high penetration resistance (5262.4 kPa); extremely high packing (5720 kPa); 
1% very fine infilled channels; moderately pedal; 20% fine polyhedral peds and 35% 
medium polyhedral peds; 40% faint clay coats lining voids and on ped faces; common 
microfine and extremely fine roots; non allophanic; distinct smooth (occluded) boundary. 
Yellowish brown (10YR 5/4) loamy clay; 2% extremely fine prominent strong brown 
(7 .5YR 5/8) mottles and 5% very fine dull yellow (2.5Y 6/3) mottles; moderately sticky; 
moderately plastic; peds slightly firm and brittle; extremely high penetration resistance 
(4747.6 kPa); extremely high packing (5720 k.Pa); moderately pedal; 30% fine polyhedral 
peds and 10% medium polyhedral peds; 50% faint clay coats lining voids and on ped 
faces; few very fine roots and few microfine and extremely fine roots; non allophanic; 
indistinct smooth boundary. 
Light olive brown (2.5Y 5.5/4) clay loam; 1% extremely fine distinct reddish yellow 
(7 .SYR 6/6) mottles; moderately sticky; moderately plastic; peds slightly firm and brittle; 
extremely high penetration resistance (4676.1 k.Pa); extremely high packing (5720 kPa); 
moderately pedal; 40% fine polyhedral peds; 60% faint clay coats lining voids and on ped 
faces; few microfine and extremely fine roots; non allophanic. 
• Land element: SSk 
• Soil name: 
• Series: Whangaripo 
• Soil classification: 
• NZSC: Mottled Yellow Ultic Soil; Md; C; s 
• Soil Taxonomy: Aerie Endoaquults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54325 23800 
• Word description: 20m northwest (288.5°) of the end of Barker Road 
• Elevation: 230 m 
• Geomorphic position: Profile on a 13.5° concave/linear slope with 351 o aspect contained within the 
upper backslope of a sideslope in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, caprosma, hook-grass, and bracken fern 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Imperfectly drained 
Soil Data: 
Ah 
0-10 em 
Bt(g)1 
10-21 em 
Dry; dark brown (10YR 4/3) and yellowish brown (lOYR 5/4) loamy clay; moderately 
sticky; very plastic; peds slightly firm and brittle; high penetration resistance (2888.6 
k.Pa); medium packing (2016.3 k.Pa); 1% 10 mm channels; weakly pedal; 17% fine 
polyhedral peds and 3% medium polyhedral peds; few microfine to extremely fine roots 
and few very fine roots; non allophanic; abrupt wavy boundary. 
Slightly moist; light yellowish brown (2.5Y 6/4) and yellowish brown (10YR 5/4) clay; 
8% extremely fine to very fine prominent yellowish red (5YR 5/8 and SYR 4/8) mottles 
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Bt(g)2 
21-38 em 
Bt(g)3 
38-56 em 
Cu(f) 
56 em-on 
PEDON 13 
Reference Data: 
and 5% very fine to fine distinct pale olive (5Y 6/3) mottles; very sticky; very plastic; 
peds firms and brittle; very high penetration resistance (3660.8 kPa); extremely high 
packing (5720 kPa); 1% 6 mm infilled channels; moderately pedal; 20% fine polyhedral 
peds and 10% medium blocky peds; 35% distinct patchy clay coats infilling voids and on 
ped faces; common microfine roots and few extremely fine to medium roots; weakly 
allophanic; indistinct smooth boundary. 
S'Iightly moist; light yellowish brown (2.5Y 6/4) and pale olive (5Y 6/4) loamy clay; 10% 
very fine to fine prominent yellowish red (5YR 4/8, 4/6, and 5/8) mottles and 8% very 
fine distinct light grey (lOY 711) and pale olive (5Y 6/3) mottles; very sticky; very plastic; 
peds fum and brittle; high penetration resistance (2516.8 kPa); extremely high packing 
(5720 kPa); moderately pedal; 50% medium blocky peds, 10% coarse blocky peds, and 
5% fine polyhedral peds; 70% distinct continuous clay coats lining voids and on ped 
faces; common rnicrofine roots and few extremely fine and very fine roots; moderately 
allophanic; distinct smooth boundary. 
Slightly moist; yellow (2.5Y 7 /6) and light yellowish brown (2.5Y 6/4) silty clay; 20% 
fine to medium prominent yellowish red (5YR 5/8 and 4/6) mottles and 10% very fine 
distinct light grey (lOY 7/1) mottles; moderately sticky; very plastic; peds slightly firm 
and brittle; high penetration resistance (2459.6 kPa); extremely high packing (5720 kPa); 
weakly pedal; 10% fine blocky to polyhedral peds and 10% medium blocky to polyhedral 
peds; 80% distinct continuous clay coats lining voids and on ped faces; few extremely 
fine and fine roots; non allophanic; indistinct smooth boundary. 
Slightly moist; yellowish brown (lOYR 5/8) loamy clay; 2% very fine distinct yellowish 
red (5YR 5/8) mottles; slightly sticky; moderately plastic; soil slightly firm and brittle; 
very high penetration resistance (3246.1 kPa); extremely high packing (5720 kPa); apedal 
massive; non allophanic. 
• Land element: LFb 
• Soil name: 
• Series: 
• Soil classification: 
• NZSC: Typic Perch-gley Ultic Soil; Md; C; s/m 
• Soil Taxonomy: Aerie Epiaquults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54575 23800 
• Word description: 140m northwest (299°) of the culvert under Barker Road (through which 
Hungry Creek flows) 
• Elevation: 200 m 
• Geomorphic position: Profile on a 9° concave/convex slope with 101° aspect contained within the 
bench of a landslide feature in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, Nikau palms, low shrubs, and bracken fern 
• Parent material: Brownish saprolite derived from strongly weathered volcanogenic sandstone of the 
Waitemata Group (Pakiri facies) 
• Drainage class: Poorly drained 
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Soil Data: 
Ah 
0-10 em 
Btg 
10-25 em ' 
Bt(g) 
25-45 em 
BCt(g) 
45 em-on 
PEDON14 
Reference Data: 
Moderately moist; light olive brown (2.5Y 5/3) loamy clay; 3% extremely fine prominent 
reddish yellow (5YR 6/8) mottles; moderately sticky; very plastic; peds weak and semi-
deformable; extremely low penetration resistance (274.7 kPa); medium packing (1393.6 
kPa); 5% fine infilled channels; weakly pedal; 15% fine polyhedral peds and 5% medium 
polyhedral peds; common very fine roots and few medium and extremely fine roots; non 
allophanic; distinct wavy boundary. 
Moderately moist; pale olive (5Y 6/3) silty clay; 20% fine prominent yellowish red (5YR 
5/8) mottles; very sticky; very plastic; peds slightly firm and semi-deformable; very low 
penetration resistance (603 kPa); high packing (2745.6 kPa); 3% fine infilled channels; 
moderately pedal; 25% fine polyhedral to blocky peds and 10% medium polyhedral to 
blocky peds; 50% distinct patchy thick clay coats lining voids and on ped faces; common 
extremely fine and very fine roots; non allophanic; abrupt wavy boundary. 
Slightly moist; yellowish brown (10YR 5/6) loamy clay; 8% very fine to fine prominent 
light grey (7.5Y 712.5) mottles, 4% very fine to fine prominent red (2.5YR 5/6) mottles, 
and 2% very fine prominent yellowish red (5YR 5/8) mottles; moderately sticky; very 
plastic; peds slightly firm to weak and semi-deformable; very low penetration resistance 
(636.5 kPa); medium packing (2173.6 kPa); weakly pedal; 20% fine polyhedral peds and 
40% very fine polyhedral peds; 40% distinct patchy thick clay coats lining vo~ds and on 
ped faces; 5% very fine black (10YR 1.7/1) manganese segregations; few extremely fine 
and very fine roots; non allophanic; indistinct smooth boundary. 
Slightly moist; yellowish brown (lOYR 5/6) loamy clay; 5% very fine to fine prominent 
light grey (7 .5Y 712.5) mottles; moderately plastic; very sticky; peds weak and friable; 
very low penetration resistance (562.8 kPa); medium packing (1587.3 kPa); apedal 
earthy; 50% very fine polyhedral peds; 40% distinct patchy thick clay coats lining voids 
and on ped faces; non allophanic. 
• Land element: GFc 
• Soil name: 
• Series: 
• Soil classification: 
• NZSC: Argillic Orthic Gley Soil; Md; L/C; m 
• Soil Taxonomy: Typic Endoaquults 
Site Data: 
• Location: 
• Map reference: NZMS 260 R09 54625 23750 
• Word description: 80 m northwest (286.5°) of the culvert under Barker Road (through which 
Hungry Creek flows) 
• Elevation: 180m 
• Geomorphic position: Profile on a 1° linear/concave slope with 126° aspect contained within the 
channel of a gully floor in hill country 
• Erosion/Deposition: Nil 
• Vegetation: Mature Pinus radiata, cuttygrass, caprosma, and bracken fern 
• Parent material: Grey saprolite (possibly colluvial) derived from strongly weathered volcanogenic 
sandstone of the Waitemata Group (Pakiri facies) 
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• Drainage class: Poorly drained 
Soil Data: 
Ah 
0-16 em 
Bt(g) 
16-25 em 
Btg 
25-52 em 
Cr 
52 em- on 
Moderately moist; dark brown (10YR 3/3) and dark yellowish brown (lOYR 4/4) sandy 
clay loam; slightly sticky; very plastic; peds very weak and friable; very low penetration 
resistance (515.9); medium packing (1011.7 kPa); 5% fine infilled channels; apedal 
earthy; 70% very fine polyhedral peds; many very fine and fine roots and few medium 
roots; non allophanic; abrupt smooth boundary. 
Moderately moist; yellowish brown (10YR 5/4) loamy clay; 35% fine prominent pale 
olive (5Y 6/3) mottles and 5% very fine prominent yellowish red (5YR 5/8) mottles; 
moderately sticky; very plastic; peds weak and friable; very low penetration resistance 
(723.6 kPa); medium packing (1467.3 kPa); 3% fine infilled channels; weakly pedal; 15% 
fine polyhedral peds and 5% medium polyhedral peds; 30% distinct patchy thick clay 
coats lining voids and on ped faces; common very fine roots and few microfine and 
extremely fine roots; very weakly allophanic; distinct smooth boundary. 
Moderately moist; greyish olive (7.5Y 6/2) silty clay with 2% coarse subrounded very 
highly weathered gravel; 15% very fme prominent yellowish red (5YR 4/8 and 5/8) 
mottles; very sticky; very plastic; peds slightly firm and semi-deformable; very low 
penetration resistance (710.2 kPa); medium packing (1621.4 kPa); 1% medium infilled 
channels; moderately pedal; 5% fine polyhedral peds and 10% medium polyhedral peds; 
55% distinct patchy thick clay coats lining voids and on ped faces; few very fine, 
microfine, and extremely fine roots; very weakly allophanic; indistinct smooth boundary. 
Very moist; light greenish grey (2.5GY 7/1) clay; 10% fine to medium prominent strong 
brown (7 .SYR 5/8) mottles; very sticky; very plastic; soil weak and deformable; very low 
penetration resistance (542.7 kPa); medium packing (1916.2 kPa); 2% extremely fine 
tabular voids; apedal massive; 70% distinct continuous thick clay coats; few microfine 
and very fine roots; non allophanic. 
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A p p E N D I X TW 0 
Pedon#- Sample pH Electrical Org.C Bray-2 P 1st Bray-2 P Bray-2 P Bray-2 P 
horizon depth con:duct. (%) ext. (ppm) 2"d ext. 3rd ext. sum 
(em) (!+S/cm) (ppm) (ppm) (ppm) 
1-Ah 0-15 4.64 63 2.73 3.34 2.29 2.13 7.76 
1-Bt(f)l 15-33 4.65 51 2.09 2.21 1.36 1.53 5.11 
1-Bt(f)2 33-46 4.84 55.5 1.23 1.28 1.12 0.79 3.19 
1-Bt(f)v 46-58 4.76 56.5 1.11 0.61 0.76 0.81 2.18 
1-BC(f)v 58-81 4.72 68 0.76 0.73 0.40 0.00 1.13 
1-Cu 81-101 4.63 63.5 0.22 0.00 0.00 0.00 0.00 
2-Ah 0-19 4.67 63 5.34 5.26 5.08 5.02 15.37 
2-Bt(f)l 19-42 4.71 56 2.77 2.49 2.39 2.27 7.14 
2-Bt(f)2 42-52 4.67 56 1.04 2.79 1.49 1.30 5.58 
2-Cul 52-59 4.56 67.5 0.61 3.00 0.00 0.00 3.00 
2-Cu2 59-83 4.40 69.5 0.24 2.19 0.78 0.00 2.97 
2-Cu3 83-103 4.41 64 0.18 2.69 0.24 0.00 2.94 
3-A/Bt 0-22 4.76 66.5 4.60 4.68 4.11 3.25 12.05 
3-Btv 22-43 4.66 57 2.42 4.72 2.67 2.90 10.29 
3-Cu 43-63 4.63 60 0.70 0.98 0.00 1.40 2.38 
4-Ah 0-22 4.70 73 3.32 3.83 2.59 2.19 8.62 
4-Bt(f)l 22-40 5.00 56.5 1.74 2.48 2.67 2.75 7.89 
4-Bt(f)2 40-80 4.87 60 0.89 3.24 0.00 1.77 5.01 
4-BC(f)v 80-100 4.73 65 0.65 7.59 0.00 1.55 9.14 
4-BCtv 100-120 4.71 62 0.48 3.47 1.52 2.26 7.25 
5-Ah 0-22 4.75 72.5 4.52 4.30 2.69 2.41 9.39 
5-Btl 22-39 4.64 67 3.16 3.58 2.67 1.57 7.81 
5-Bt2 39-66 4.67 72.5 1.45 4.47 3.58 1.82 9.88 
5-BC 66-88 4.68 85 0.48 4.34 3.41 4.34 12.08 
5-Cul 98-120 4.83 75.5 0.39 4.09 2.34 2.52 8.96 
5-Cu2 120-140 4.90 68.5 0.26 3.20 3.42 4.25 10.86 
6-Ah 0-12 5.00 42.5 3.22 4.16 2.84 3.11 10.11 
6-Bt(f)i 12-27 5.28 19 1.42 1.10 0.14 0.66 1.90 
6-Bt(f)v 27-45 5.41 19 1.71 0.74 1.33 0.86 2.93 
6-BCtv 45-68 5.67 24.5 0.92 1.39 0.00 0.57 1.96 
7-Cu(g) 0-10 5.08 25.5 0.53 4.80 3.96 4.47 13.23 
7-Cg 10-13.5 5.04 43 2.04 8.76 6.27 6.89 21.92 
7-Cu(f) 13.5-19 5.11 45 0.80 5.77 3.95 5.08 14.80 
7-bAC(g) 19-29 5.04 34.5 0.80 3.71 4.66 3.72 12.10 
7-Cul 29-39 5.10 24.5 0.12 4.03 3.87 3.71 11.61 
7-Cu2 39-47 4.93 32.5 0.07 4.03 2.23 2.46 8.72 
7~Cu3 47-55 4.89 34 0.25 2.85 4.67 4.60 12.12 
7-Cu(g) 55-80 5.03 35 0.53 5.66 4.59 5.20 15.44 
8-Ah 0-10 4.84 67 6.28 12.21 10.99 9.37 32.57 
8-Bt 10-29 4.90 48.5 2.35 2.59 1.89 1.45 5.93 
8-Btv 29-48 4.68 72 1.52 1.53 0.93 0.59 3.05 
8-Cu 48-75 4.49 65 0.26 0.42 0.35 0.00 0.78 
9-Ahg 0-5 4.55 61 4.96 5.46 3.91 3.07 12.45 
9-Bt(f) 5-22 4.71 59.5 3.92 3.71 2.22 1.63 7.57 
9-Bt(g) 22-47 4.83 61.5 1.46 1.81 1.23 1.03 4.07 
9-Cu(g) 47-63 4.49 83.5 0.40 0.92 1.08 0.48 2.48 
9-Cu 63-85 4.48 73 0.40 2.33 1.09 1.76 5.18 
10-Ah 0-16 4.91 57 5.01 7.31 5.21 7.31 19.82 
10-Bt(f) 16-35 4.81 68 3.00 2.60 1.91 2.60 7.11 
10-Bt(f)v 35-68 4.94 67 1.39 2.44 0.91 2.44 5.79 
10-BCt(f)v 68-98 . 4.64 75.5 0.53 0.00 0.00 0.00 0.00 
10-Cu 98-118 4.60 75.5 0.24 0.00 0.00 0.00 0.00 
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Particle size 
Pedon#- Sample Bray-2Mg Bray-2 K Sand(%) Silt(%) Clay(%) 
horizon depth (em) (me.%) (me.%) 
1-Ah 0-15 1.14 0.15 
1-Bt(t)1 15-33 0.83 0.03 
1-Bt(t)2 33-46 0.65 0.03 
1-Bt(t)v 46-58 0.59 0.03 
1-BC(t)v 58-81 0.60 0.05 
1-Cu 81-101 0.70 0.08 
2-Ah 0-19 1.55 0.17 16 29 54 
2-Bt(t)1 19-42 0.81 0.08 16 26 58 
2-Bt(t)2 42-52 0.83 0.07 
2-Cu1 52-59 0.65 0.08 
2-Cu2 59-83 0.48 0.08 
2-Cu3 83-103 0.33 0.08 
3-NBt 0-22 1.42 0.45 
3-Btv 22-43 0.96 0.17 
3-Cu 43-63 0.57 0.20 
4-Ah 0-22 1.13 0.09 14 21 65 
4-Bt(t)1 22-40 1.22 0.06 
4-Bt(t)2 40-80 0.75 0.03 16 19 66 
4-BC(t)v 80-100 0.49 0.04 
4-BCtv 100-120 0.47 0.08 
5-Ah 0-22 2.32 0.37 16 31 53 
5-Btl 22-39 1.19 0.10 
5-Bt2 39-66 0.74 0.05 24 31 45 
5-BC 66-88 0.56 0.06 
5-Cu1 98-120 0.63 0.15 
5-Cu2 120-140 0.39 0.02 
6-Ah 0-12 1.54 0.43 22 46 32 
6-Bt(t)i 12-27 1.48 0.31 
6-Bt(t)v 27-45 2.35 0.28 19 36 45 
6-BCtv 45-68 3.79 0.35 
7-Cu(g) 0-10 4.20 0.31 
7-Cg 10-13.5 4.83 0.33 
7-Cu(t) 13.5-19 4.42 0.27 
7-bAC(g) 19-29 4.07 0.30 
7-Cu1 29-39 4.09 0.28 
7-Cu2 39-47 3.28 0.15 
7-Cu3 47-55 3.44 0.12 
7-Cu(g) 55-80 3.81 0.07 
8-Ah 0-10 2.25 0.47 15 __27 59 
8-Bt 10-29 0.67 0.10 13 22 65 
8-Btv 29-48 0.47 0.10 18 25 58 
8-Cu 48-75 0.37 0.14 34 29 37 
9-Ahg 0-5 1.82 0.43 13 34 53 
9-Bt(t) 5-22 1.10 0.28 
9-Bt(g) 22-47 0.74 0.18 9 30 61 
9-Cu(g) 47-63 0.46 0.13 
9-Cu 63-85 0.35 0.07 27 35 38 
10-Ah 0-16 1.67 0.09 
10-Bt(f) 16-35 1.15 0.05 
10-Bt(t)v 35-68 0.90 0.05 
10-BCt(f)v 68-98 0.70 0.12 
10-Cu 98-118 0.78 0.14 
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